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In addition, solely for the purpose of reducing the filing fee, 
please cancel claims 46-58, 92-120, 128-133 and 135-136 as set 
forth in the replacement set of claims attached hereto as Exhibit 
3, The claims canceled solely to reduce filing fees are 
indicated by gray high-lighting as set forth in attached Exhibit 
4. 

In the Abstract 

Please replace the abstract with the new abstract attached hereto 
as Exhibit 5. The amendments to the abstract are indicated by 
underline of added material and strikeout of deleted material in 
attached Exhibit 6. 

REMARKS 

Claims 1-156 were pending in this application. By this 
Amendment, applicants have canceled claims 59-91^, 121-127 and 
137-156 without prejudice to pursue the subject matter of these 
claims in this or a subsequent application. Applicants have also 
amended claim 15. Thus, claims 1-58, 92-120 and 128-136 are now 
pending in the subject application. 

Support for the amendment to page 6, line 4 and claim 15 may be 
found, inter alia, on page 5, line 30 to page 6, line 5. It 
would be evident to one skilled in the art that the molar ratios 
of a "terpolymer consisting essentially of tyrosine, glutamic 
acid and alanine" would pertain to the recited amino acids, i.e., 
tyrosine, glutamic acid and alanine. Thus, for this terpolymer, 
applicants have replaced "the molar ratio of from about 0.005 to 
about 0.25 tyrosine, from about 0.005 to about 0.3 glutamic acid, 
and from about 0.005 to about 0.8 lysine ^^ with --the molar ratio 
of from about 0.005 to about 0.2 5 tyrosine, from about 0.005 to 
about 0.3 glutamic acid, and from about 0.005 to about 0.8 
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alanine . - - 

The replacement of "Aa amino acid" with --An amino acid-- on page 
11, line 13 is made to correct a typographical error. 

On page 11, line 18, another typographical error is corrected by 
the substitution of "polypeptide" for - -polypepide- - . 

Yet another typographical error appears on page 13, line 10, 
which applicants have corrected by replacing "consistently 
essentially of" with --consisting essentially of--. 

Support for the amendments to page 26, line 18, page 27, lines 
4 and 27, page 28, lines 12 and 14, page 29, lines 5, 21 and 23 
and page 30, line 15 may be found, inter alia, on page 30, line 
30 . 

Support for the amendment to page 45, footnote 2 (line 26) may 
be found, inter alia, on page 43, line 22. 

Support for the amendment to page 47, line 12 may be found, inter 
alia, on page 47, line 12. 

The amendment to page 56, line 10 is made to correct a 
typographical error. It would be obvious to one skilled in the 
art that a concentration of "I mM" should have been written as 
--1 mM-- . 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorney invites the Examiner to telephone him at the number 
provided below. 
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Treatment of Autoimmune Conditions 
with Copolymer 1 and Related Copolymers and Poptides ! 



5 RELATED APPLICATIONS = 

to 

The present application is a continuation of PCT/US99/16747. filed July 23. ^ 
1999. which claims the benefit of provisional applications 60/093,859 filed July 23, 
1998, 60/101,825, filed September 25, 1998, 60/102,960, filed October 2, 1998, 
60/106,350, filed October 30, 1998, and 60/108,184, filed November 12, 1998, at^ 
10 60/123,675, f i l e d March 9, 1999, all of which are incorporated by reference herein. 

GOVERNMENT FUNDING 

This invention was made in part with government support under grant 
CA47554 awarded by the National Institutes of Health. The government has certain 
15 rights in the invention. 

INTRODUCTION 

The present invention provides compositions and methods for treating 
autoimmune diseases using therapeutically effective amounts of a p e ptide or 

20 polypeptide related to Copolymer 1 . Copolymer 1 is a heterogeneous mixture of 
synthetic random linear copolymers of tyrosine, alanine, glutamic acid and lysine 
and, in appropriate therapeutic amounts and average molecular sizes, is used to 
treat multiple sclerosis. When such mixtures of synthetic random linear copolymers 
consist essentially of the three of the four amino acids found in Copolymer 1, they 

25 are referred to as Terpolymers. The present invention relates in part to Terpolymers. 
Preferably, the Terpolymers are composed of tyrosine, alanine and lysine, or of 
glutamic acid, tyrosine and lysine, or of glutamic acid, alanine and lysine. 
Surprisingly, the Terpolymers have efficacy for treating a variety of auto-immune 
diseases and bind to Class II major histocompatibility complex (MHC) molecules as 

30 well as to antigen presenting cells. 



The pres e nt i nvent i on abo i nc l udos c e rtain poptidos, compris i ng th e four 
am i no ac i ds of Copolymer 1 , wh i ch have also boon found to have efficacy for 
treating a variety of autoimmune dis e as e s and bind to Class II major 
histocompatibility complex (M M C) mo le cu le s as w ell as to ant i gen pr e s e nting c e lls. 
5 Such pept i d e s are referred to b e low as "Copcptides," to stress their relationship to 
Gopolym e r 1 . 

BACKGROUND OF THE INVENTION 

Autoimmune diseases occur when an organism's immune system fails to 
10 recognize some of the organism's own tissues as "self and attacks them as 

"foreign." Normally, self-tolerance is developed early by developmental events 
within the immune system that prevent the organism's own T cells and B cells from 
reacting with the organism's own tissues. MHC cell surface proteins help regulate 
these early immune responses by binding to and presenting processed peptides to T 
15 cells. 

This self-tolerance process breaks down when autoimmune diseases 
develop. Now the organism's own tissues and proteins are recognized as 
"autoantigens" and are attacked by the organism's immune system. For example, 
multiple sclerosis is believed to be an autoimmune disease occurring when the 

20 immune system attacks the myelin sheath, whose function is to insulate and protect 
nerves. It is a progressive disease characterized by demyelination, followed by 
neuronal and motor function loss. Rheumatoid arthritis ("RA") is also believed to be 
an autoimmune disease which involves chronic inflammation of the synovial joints 
and infiltration by activated T cells, macrophages and plasma cells, leading to a 

25 progressive destruction of the articular cartilage. It is the most severe form of joint 
disease. The nature of the autoantigen(s) attacked in rheumatoid arthritis is poorly 
understood, although collagen type II is a candidate. 

A tendency to develop multiple sclerosis and rheumatoid arthritis is inherited 
these diseases occur more frequently in individuals carrying one or more 

30 characteristic MHC class II alleles. For example, inherited susceptibility for 
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rheumatoid arthritis is strongly associated with the MHC class II DRB1 *0401, DRB 1 
*0404, or DRB 1*0405 or the DRB1*0101 alleles. The histocompatibility locus 
antigens (HLA) are found on the surface of cells and help determine the individuality 
of tissues from different persons. Genes for histocompatibility locus antigens are 
5 located in the same region of chromosome 6 as the major histocompatibility complex 
(MHC). The MHC region expresses a number of distinctive classes of molecules in 
various cells of the body, the genes being, in order of sequence along the 
chromosome, the Class I, II and III MHC genes. The Class I genes consist of HLA 
genes, which are further subdivided into A, B and C subregions. The Class II genes 

10 are subdivided into the DR, DQ and DP subregions. The MHC-DR molecules are 
the best known; these occur on the surfaces of antigen presenting cells such as 
macrophages, dendritic cells of lymphoid tissue and epidermal cells. The Class III 
MHC products are expressed in various components of the complement system, as 
well as in some non-immune related cells. 

1 5 A number of therapeutic agents have been developed to treat autoimmune 

diseases, including steroidal and non-steroidal anti-inflammatory drugs, for example, 
methotrexate; various interferons; and certain inhibitors of prostaglandin synthesis. 
However, these agents can be toxic when used for more than short periods of time 
or cause undesirable side effects. Other therapeutic agents bind to and/or inhibit the 

20 inflammatory activity of tumor necrosis factor (TNF), for example, anti-TNF specific 
antibodies or antibody fragments, or a soluble form of the TNF receptor. These 
agents target a protein on the surface of a T cell and generally prevent interaction 
with an antigen presenting cell (APC). However, therapeutic compositions 
containing natural folded proteins are often difficult to produce, formulate, store, and 

25 deliver. Moreover, the innate heterogeneity of the immune system can limit the 

effectiveness of drugs and complicate long-term treatment of autoimmune diseases. 

Thus in order to effectively treat autoimmune diseases and other immune 
conditions, new drugs are needed that do not have the side effects of the present 
therapeutic agents and which adequately address to the innate heterogeneity of the 

30 immune system. 
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SUMMARY OF THE INVENTION 

30 Surprisingly, Copolymer 1 and the Terpolymers and Cop e ptid e s of the 
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present invention can be used to treat a variety of autoimnnune diseases in a 
heterogeneous patient population. These Terpolymers and Copcpt i d e s can inhibit 
Sonne of the physiological responses of T cells that attack self-antigens as these 
diseases progress. Moreover, Copolymer 1 and the Terpolymers and Cop e pt i d e s of 
5 the present invention bind with high affinity to antigen presenting cells from different 
genetic backgrounds and to several class II MHC molecules to block immune cell 
recognition and attack. In addition, the Terpolymers and Cop e ptid e s can stimulate 
the groNArth and functioning of Copolymer 1 -specific T cells to further treat and 
prevent various autoimmune diseases. 

10 Accordingly, the present invention provides a composition having a 

polypeptide comprising three different amino acids selected from the group of amino 
acids comprising Copolymer 1, that is, glutamic acid, alanine, lysine, and tyrosine, in 
the approximate relative molar ratios found in Copolymer 1 . 

Th e pr e s e nt i nv e nt i on is also d i r e ct e d to pept i des compr i s i ng thr ee diff e r e nt 

15 am i no acids s ele ct e d from the group of am i no ac i ds compris i ng Copo l ym e r 1, 

The present invention is also directed to pharmaceutical compositions which 
include a therapeutically effective amount of a Terpolymer consisting essentially of 
amino acids tyrosine, alanine and lysine, in the molar ratio of from about 0.005 to 
about 0.25 tyrosine, from about 0.3 to about 0.6 alanine, and from about 0.1 to about 

20 0.5 lysine?^ and a pharmaceutically acceptable carrier. This Terpolymer is preferably 
substantially free of glutamic acid. 

The present invention further provides a pharmaceutical composition which 
includes a therapeutically effective amount of a Terpolymer consisting essentially of 
glutamic acid, tyrosine and lysine, in the molar ratio of from about 0.005 to about 

25 0.300 glutamic acid, from about 0.005 to about 0.250 tyrosine; and from about 0.3 to 
about 0.7 lysine, and a pharmaceutically acceptable carrier. The Terpolymer is 
preferably substantially free of alanine. 

The present invention is also directed to pharmaceutical compositions which 
include a therapeutically effective amount of a Terpolymer consisting essentially of 

30 amino acids tyrosine, glutamic acid and alanine in the molar ratio of from about 
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0.005 to about 0.25 tyrosine, from about 0.005 to about 0.3 glutamic acid, and from 
about 0.005 to about 0.8 l ys i n e alanine and a pharmaceutically acceptable carrier. 
This Terpolymer is preferably substantially free of lysine. 

The present invention also provides a pharmaceutical composition which 
5 includes a therapeutically effective amount of a Terpolymer consisting essentially of 
glutamic acid, alanine and lysine, in the molar ratio of from about 0.005 to about 0.3 
glutamic acid, from about 0.005 to about 0.6 alanine; and from about 0.2 to about 
0.7 lysine and a pharmaceutically acceptable carrier. This Terpolymer is preferably 
substantially free of tyrosine. 

10 The present invention also provides a pharmaceutical composition to treat 

autoimmune diseases which includes a therapeutically effective amount of 
Copolymer 1 or a polypeptide consisting essentially of glutamic acid, alanine, 
tyrosine and lysine, and a pharmaceutically acceptable carrier. 

The present invention further provides methods for treating and preventing 

15 autoimmune diseases in a mammal which include administering a therapeutically 
effective amount of a composition comprising Copolymer 1- or a Terpolymer 
Cop e ptid e. In another embodiment, the method for treating autoimmune diseases in 
a mammal further involves inhibiting proliferation of T cells involved in the immune 
attack. In another embodiment, the method for treating autoimmune diseases in a 

20 mammal involves binding the Terpolymer or Cop e ptide to an antigen presenting cell. 
In yet another embodiment, the method for treating autoimmune disease in a 
mammal involves binding the Terpolymer or Cop e ptid e to a major histocompatibility 
complex class II protein which is associated with autoimmune diseases. 

Autoimmune diseases contemplated by the present invention include arthritic 

25 conditions, demyelinating diseases and inflammatory diseases. For example, 

autoimmune diseases which can be treated by the present compositions include 
multiple sclerosis, autoimmune hemolytic anemia, autoimmune oophoritis, 
autoimmune thyroiditis, autoimmune uveoretinitis, Crone's disease, chronic immune 
thrombocytopenic purpura, colitis, contact sensitivity disease, diabetes mellitus, 

30 Graves disease, Guillain-Barre's syndrome, Hashimoto's disease, idiopathic 
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myxedema, myasthenia gravis, psoriasis, pemphigus vulgaris, rheumatoid arthritis, 
or systemic lupus erythematosus. The present compositions can be used to treat 
one or more of these diseases. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

As used below 

"GAL" is a random terpolymer of glutamic acid, alanine and lysine; 
"TGA" or "YEA" is a random terpolymer of tyrosine, glutamic acid, and 
alanine; 

10 "TAL" or "YAK" is a random terpolymer of tyrosine, alanine, and lysine; 

"GTL" or "YEK" is a random terpolymer of glutamic acid, tyrosine, and lysine; 

and 

"YEAK" is Copolymer 1. 

15 Figure 1 illustrates the effect of Copolymer 1 and Terpolymers on proliferation 

of T cells which are specific for certain myelin basic protein (MBP) peptides. Several 
of the present Terpolymers inhibit proliferation of T cell lines which are specific for 
myelin basic protein antigen, MBP 84-102 (SEQ ID NO: 1). The following symbols 
were used: Copolymer 1 (•); GAL (□); TGA (A); TAL (O); GTL (X). Figure 1 A 

20 illustrates inhibition of the proliferation of mouse T cell clone MBP-sp-1 specific to 
MBP 84-102 peptide (0.5 g/well). As a control, proliferation of mouse T cell clone 
MBP-sp-1 stimulated by MBP 84-102 (SEQ ID NO: 1) without inhibitor was 21,145 
cpm. Figure 1B illustrates inhibition of the response of human T cell clone GP-25 to 
MBP 84-102 peptide (0.125 g/well). Proliferation of human T cell clone GP-25 

25 stimulated by MBP 84-102 (SEQ ID NO: 1) peptide without inhibitor was 1 1 ,442 
cpm. 

Figure 2A compares binding of the present polypeptides with the binding of 
Copolymer 1, to Class 11 major histocompatibility molecules DR1 (top), DR2 (middle) 
and DR4 (bottom). Binding by Copolymer 1 (■), was compared to binding by the 
30 following biotinylated Terpolymers: GAL (□); TGA (A); GTL (A); and TAL (♦). The 
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amount of Class II major histocompatibility molecule was held constant at 
0.5 ywg/sample and the concentration of polypeptide was varied between 0-8 yuM as 
indicated on the y-axis. Binding was at pH 5.0 for 40 hr at 37°C. Binding was 
detected by capturing the polypeptide-class II complexes with an LB3.1 antibody and 
5 detecting the amount of biotinylated polypeptide bound by monitoring the 
absorbency at 410 nm after reaction with streptavidin-conjugated alkaline 
phosphatase. 

Figure 2B provides Lineweaver-Burke plots of the binding data provided in 
Figure 2A. 

10 Figure 3 illustrates the competitive inhibition of Copolymer 1 binding to Class 

II major histocompatibility molecules by the present polypeptides. Purified HLA-DR1 
(top), HLA-DR2 (middle) and HLA-DR4 (bottom) molecules were incubated with a 
constant amount (1 ,5 juM) of biotinylated Copolymer 1 , either alone or in the 
presence of one of the following unlabeled polypeptides: Copolymer 1 (■); GAL (□); 

15 TGA (A); GTL (A); and TAL (♦). Inhibition by these polypeptides was compared to 
inhibition by the myelin basic protein antigen HA 306-318 (O) (SEQ ID NO: 2). 
Binding was at pH 5.0 for 40 hr at 37°C. The amount of unlabeled polypeptide was 
varied between 0.1 -1000 AiM, as indicated on the y-axis. Specific binding is 
expressed as the percentage of inhibition using equation 1 : 

20 

percent inhibition = 100 - (signal with competitor - backoround) x 100 ^ 

(signal without competitor - background) 



Figure 4A illustrates the competitive inhibition of TAL binding to Class II 
major histocompatibility molecules by bacterial superantigens SEA, SEB and TSST- 
25 1. Purified HLA-DR1 (top), HLA-DR2 (middle) and HLA-DR4 (bottom) molecules 
were incubated with a constant amount of biotinylated TAL, in the presence of 
increasing amounts of unlabeled bacterial superantigen SEA (□); SEB (■); or 
TSST-1 (•). Binding was at pH 5.0 for 40 hr at 37°C. The amount of superantigen 
was varied between 0.1 -1000 ^M, as indicated on the y-axis. Specific binding is 

8 



expressed as the percentage of inhibition using equation 1. 

Figure 4B Illustrates the competitive inhibition of TGA binding to Class II 
major histocompatibility molecules by bacterial superantigens SEA, SEB and TSST- 
1. Purified HI_A-DR1 (top), HLA-DR2 (middle) and HLA-DR4 (bottom) molecules 
were incubated with a constant amount of biotinylated polypeptide TGA, in the 
presence of Increasing amounts of unlabeled bacterial superantigen SEA (□); SEB 
(■); or TSST-1 (•). Binding was at pH 5.0 for 40 hr at 37°C. The amount of 
superantigen was varied between 0.1 -1000 iM, as indicated on the y-axis. Specific 
binding is expressed as the percentage of inhibition, calculated according to 
equation above 1. 

Figure 4C illustrates the competitive inhibition of GAL binding to Class II major 
histocompatibility molecules by bacterial superantigens SEA, SEB and TSST-1 . 
Purified HLA-DR1 (top), and HLA-DR2 (bottom) molecules were incubated with a 
constant amount of biotinylated GAL, in the presence of increasing amounts of 
unlabeled bacterial superantigen SEA (□); SEB (■); or TSST-1 (•). Binding was at 
pH 5.0 for 40 hr at 37°C. The amount of superantigen was varied between 
0.1 -1000 //M, as indicated on the y-axis. Specific binding Is expressed as the 
percentage of inhibition using equation 1 above. 

Figure 5 shows inhibition of binding of labeled molecules to MHC class II 
purified proteins by Terpolymers of the present invention. Fig. 5A shows Inhibition of 
binding to the MHC HLA-DR1 protein. Fig. 5B shows inhibition of binding to the 
MHC HLA-DR4 protein. Unlabeled competitors Include Terpolymers of the present 
invention. Influenza virus hemagglutinin (HA) peptide 306-318 (SEQ ID NO:2), and 
type II collagen (Cll) peptide 261-273 (SEQ ID N0:3). The concentration of 
unlabeled competitor is indicated on the abscissa. In each panel, inhibition by Cll 
261-273 (SEQ ID NO:3) Is shown as open circles (o), inhibition by HA 306-318 (SEQ 
ID NO: 2) Is shown by solid circles (•), Inhibition by one of the present terpolymers is 
Indicated as shown by open or solid triangles or squares. The extent of inhibition by 
GTL Is shown using open triangles (A), by TAL is shown as solid triangles (A), by 
TGA as open squares (□), and by Copolymer 1 as solid squares (■). Specific 
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binding observed and shown on the ordinate was calculated as percentage of 
inhibition using equation 1 above. 

Figure 6 shows inhibition of IL-2 production by DR1-restricted-CII-specific T 
cell hybridomas in the presence of different polypeptides of the present invention. 
5 Irradiated L57.23 cells (fibroblasts transfected with a gene encoding HLA-DR1) were 
coincubated in duplicate with collagen peptide CM 261-273 (40 /^g/ml) and varying 
concentrations, shown on the abscissa, of one of the present polypeptides for 2 hr at 
37X, then T cells (clone 3.19 or 19.3 as indicated) were added, and the mixtures 
were further incubated for 24 hr at 37^C. Supernatants (30 were then removed, 

10 and were assayed for activation by IL-2-induced proliferation of IL-2-dependent 

cytotoxic T lymphocytes (CTL-L). The extent of inhibition by TAL is shown as solid 
circles (•), by TGA as solid triangles (A), by GTL as open triangles (A), and by 
Copolymer 1 as solid squares (■) . Percent inhibition of CTL-L proliferation shown 
on the ordinate was calculated according to equation 1. 

15 Figure 7 shows inhibition of IL-2 production by DR4-restricted Cll-specific T 

cell hybridomas (3838 and D3) in the presence of different polypeptides of the 
present invention. Fig. 7A shows the effects of coincubating irradiated 3838 or D3 
Priess cells with collagen peptide CM 261-273 (SEQ ID NO: 3) at the fixed 
concentration of 40 /ug/m\, and with varying concentrations of each of the present 

20 polypeptides, for 2 hr at 37 °C. Fig. 7B shows the effects of incubating L cells 

transfected with a gene encoding HIA-DR4 with collagen peptide CM 261-273 (SEQ 
ID NO:3) at the fixed concentration of 40 //g/ml, and with varying concentrations of 
each of the present polypeptides, for 2 hr at 37 °C. T cells were then added (clones 
3838 or D3 as indicated), samples were further incubated for 24 hr at 37''C, and 

25 supernatants were assayed as described in Figure 6. Each polypeptide was tested 
in duplicate. The concentration of the present polypeptides is indicated on the 
abscissa. The same symbols as used in Figure 6 are used for this figure. 



DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, polypeptides and p e pt i des having at least 
three different amino acids randomly polymerized in a linear configuration are useful 
for treating autoimmune diseases. Autoimmune diseases occur when the immune 
5 system inappropriately attacks certain tissues or cells. The polypeptides and 

p e pt i d e s of the present invention can prevent the immune system from attacking, for 
example, by suppressing the proliferation or function of T or B cells responsible for 
the attack, or by shielding the tissue from attack by binding to a MHC protein on the 
surface of the cells that make up the tissue. 

10 Amino acids of the present invention include, but are not limited to the 20 

commonly occurring amino acids. Also included are naturally occurring and 
synthetic derivatives, for example, selenocysteine. Amino acids further include 
amino acid analogs. Aa An amino acid "analog" is a chemically related forms of the 
amino acid having a different configuration, for example, an isomer, or a D- 

15 configuration rather than an L-configuration, or an organic molecule with the 

approximate size and shape of the amino acid, or an amino acid with modification to 
the atoms that are involved in the peptide bond, so as to be protease resistant when 
polymerized in a peptide or po l yp e p i d e polypeptide . 

The phrases "amino acid" and "amino acid sequence" as defined here and in 

20 the claims can include one or more components which are amino acid derivatives 

and/or amino acid analogs comprising part or the entirety of the residues for any one 
or more of the 20 naturally occurring amino acids indicated by that sequence. For 
example, in an amino acid sequence having one or more tyrosine residues, a portion 
of one or more of those residues can be substituted with homotyrosine. Further, an 

25 amino acid sequence having one or more non-peptide or peptidomimetic bonds 
between two adjacent residues, is included within this definition. 

The one letter and three letter amino acid codes (and the amino acid that 
each represents) are as follows: A means ala (alanine); C means cys (cysteine); D 
means asp (aspartic acid); E means glu (glutamic acid); F means phe 

30 (phenylalanine); G means gly (glycine); H means his (histidine); I means ile 
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(isoleucine); K means lys (lysine); L means leu (leucine); M means met (methionine); 
N means asn (asparagine); P means pro (proline); Q means gin (glutamine); R 
means arg (arginine); S means ser (serine); T means thr (threonine); V means val 
(valine); W means trp (tryptophan); and Y means tyr (tyrosine). 
5 The term "hydrophobic" amino acid is defined here and in the claims as 

including aliphatic amino acids alanine (A, or ala), glycine (G, or gly), isoleucine (I, or 
ile), leucine (L, or leu), proline (P, or pro), and valine (V, or val), the terms in 
parentheses being the one letter and three letter standard code abbreviation-s for 
each amino acid, and aromatic amino acids tryptophan (W, or trp), phenylalanine (F 

10 or phe), and tyrosine (Y, or tyr). The amino acids confer hydrophobicity as a 

function of the length of aliphatic and size of aromatic side chains, when found as 
residues within a protein. 

The term "charged" amino acid is defined here and in the claims as including 
an amino acids aspartic acid (D, or asp), glutamic acid (E, or glu), histidine (H, or 

15 his), arginine (R, or arg) and lysine (K, or lys), which confer a positive (his, lys and 
arg) or negative (asp and gly) charge at physiological values of pH in aqueous 
solutions on proteins containing these residues. 

Polypeptide Compositions Contemplated by the Invention 

20 The polypeptides and pept i d e s of the present invention comprise Copolymer 

1 and Terpolymers consisting essentially of three of the four amino acids of 
Copolymer 1, namely tyrosine, glutamic acid, alanine and lysine. However, one of 
skill in the art can readily substitute structurally-related and/or charge-related amino 
acids without deviating from the spirit of the invention. Thus, the present invention 

25 further contemplates conservative amino acid substitutions for tyrosine, glutamic 

acid, alanine and lysine in the present polypeptides. Such conservative substitutions 
are structurally-related amino add substitutions, including those amino acids which 
have about the same charge, hydrophobicity and size as tyrosine, glutamic acid, 
alanine or lysine. For example, lysine is structurally-related to arginine and histidine; 

30 glutamic acid is structurally-related to aspartic acid; tyrosine is structurally-related to 
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serine, threonine, phenylalanine and tryptophan; and alanine is structurally-related to 
valine, leucine and isoleucine. These and other conservative substitutions, such as 
structurally-related synthetic amino acids, are contemplated by the present 
invention. 

5 Moreover, the Terpolymers and Copeptides can be composed of /- or c/-amino 

acids. As is known by one of skill in the art, /-amino acids occur in most natural 
proteins. However, d-amino acids are commercially available and can be substituted 
for some or all of the amino acids used to make the Terpolymers and Cop e pt i d e s . 
The present invention contemplates Terpolymers and Cop e ptid e s formed from 

10 mixtures of d- and /-amino acids, as well as Terpolymers and Cop e ptid e s 
cons i st e nt l y consisting essentially of either /- or of-amino acids. 

The average molecular weight and the average molar fraction of the amino 
acids in the Terpolymers can vary. However, an average molecular weight range of 
about 2,000 to about 40,000 daltons is contemplated. A preferred average 

1 5 molecular weight range is from about 4,000 to about 1 2,000 daltons, The 

Cop e ptid e s can b e from about 7 to about 100 amino acids i n l e ngth, or from about 7 
to about 50 am i no acids in le ngth, or from about 7 to about 25 amino ac i ds in l e ngth, 
or from about 7 to about 15 am i no ac i ds i n le ngth. Preferred average molecular 
weight ranges and processes of making the Terpolymers are described in U.S. 

20 Patent No. 5,800,808, which is hereby incorporated by reference in its entirety. 

In one embodiment, the present invention provides Terpolymers containing 
tyrosine, alanine and lysine. The average molar fraction of the amino acids in these 
Terpolymers can vary, for example, tyrosine can be present in a mole fraction of 
about 0.005 to about 0.250; alanine can be present in a mole fraction of about 0.3 to 

25 about 0.6; and lysine can be present in a mole fraction of about 0.1 to about 0.5. 
The average molecular weight is between 2,000 to about 40,000 daltons and 
preferably between about 3,000 to about 35,000 daltons. In a more preferred 
embodiment, the average molecular weight is about 5,000 to about 25,000 daltons. 
In another embodiment, the present invention provides Terpolymers 

30 containing tyrosine, glutamic acid and lysine. The average molar fraction of the 
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amino acids in these polypeptides can also vary, for example, glutamic acid can be 
present in a mole fraction of about 0.005 to about 0.300, tyrosine can be present in a 
mole fraction of about 0.005 to about 0.250; lysine can be present in a mole fraction 
of about 0.3 to about 0.7. The average molecular weight is between 2,000 to about 
5 40,000 daltons and preferably between about 3,000 to about 35,000 daltons. In a 
more preferred embodiment, the average molecular weight is about 5,000 to about 
25,000 daltons. 

In another embodiment, the present invention provides Terpolymers 
containing glutamic acid, alanine and lysine. The average molar fraction of the 

10 amino acids in these polypeptides can also vary, for example, glutamic acid can be 
present in a mole fraction of about 0.005 to about 0.300, alanine can be present in a 
mole fraction of about 0.005 to about 0.600; lysine can be present in a mole fraction 
of about 0.2 to about 0.7. The average molecular weight is between 2,000 to about 
40,000 daltons and preferably between about 3,000 to about 35,000 daltons. In a 

15 more preferred embodiment, the average molecular weight is about 5,000 to about 
25,000 daltons. 

In another embodiment, the present invention provides Terpolymers 
containing tyrosine, glutamic acid and alanine. The average molar fraction of the 
amino acids in these polypeptides can also vary, for example, tyrosine can be 

20 present in a mole fraction of about 0.005 to about 0.250; glutamic acid can be 

present in a mole fraction of about 0.005 to about 0.300; and alanine can be present 
in a mole fraction of about 0.005 to about 0.800. The average molecular weight is 
between 2,000 to about 40,000 daltons and preferably between about 3,000 to 
about 35,000 daltons. In a more preferred embodiment, the average molecular 

25 weight is about 5,000 to about 25,000 daltons. 

In a more preferred embodiment, the mole fraction of amino acids of the 
Terpolymers is about what is preferred for Copolymer 1 . The mole fraction of amino 
acids in Copolymer 1 is glutamic acid (about 0.14), alanine (about 0.43), tyrosine 
(about 0.10) and lysine (about 0.34). The most preferred average molecular weight 

30 for Copolymer 1 is between about 5,000 and about 9,000 daltons. 
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The molar ratios of the monomers of the more preferred terpolymer of 
glutamic acid, alanine and tyrosine is about 0.21 to about 0.65 to about 0.14. 

The molar ratios of the monomers of the more preferred terpolymer of 
glutamic acid, alanine and lysine is about 0.15 to about 0.48 to about 0.36. 
5 The molar ratios of the monomers of the more preferred terpolymer of 

glutamic acid, tyrosine, and lysine is about 0.26 to about 0.16 to about 0.58. 

The molar ratios of the monomers of the more preferred terpolymer of 
tyrosine, alanine and lysine is about 0.10 to about 0.54 to about 0.35. 

In one embodiment, the Terpolymers and Cop e pt i d e s of the present invention 
10 are capable of binding to an MHC class II protein which, preferably, is associated 
with an autoimmune disease. Any available method can be used to ascertain 
whether the Terpolymer or Cop e ptid e binds to one or more MHC class II proteins. 
For example, the polypeptide can be labeled with a reporter molecule (such as a 
radionuclide or biotin), mixed with a crude or pure preparation of MHC class II 
15 protein and binding is detected if the reporter molecule adheres to the MHC class II 
protein after removal of the unbound polypeptide. 

In another embodiment, the Terpolymers and Cop e pt i d e s of the invention are 
capable of binding to an MHC class II protein associated with multiple sclerosis. A 
polypeptide of this embodiment can have similar or greater affinity for the antigen 
20 binding groove of an MHC class 11 protein associated with multiple sclerosis than 
does Copolymer 1 . Hence, the contemplated polypeptide can Inhibit binding of or 
displace the binding of myelin autoantigens from the MHC class II protein. One 
MHC class II protein associated with multiple sclerosis is HI_A-DR4 (DRB1*1501). 

In another embodiment, Copolymer 1- and the Terpolymers and Copept i des 
25 of the invention are capable of binding to an MHC class II protein associated with an 
arthritic condition, for example, rheumatoid arthritis or osteoarthritis. Copolymer 1 or 
a Terpolymer or Copept i de of this embodiment can have a greater affinity for the 
antigen binding groove of an MHC class II protein associated with the autoimmune 
disease than does a type II collagen 261-273 (SEQ ID NO:3) peptide. Hence, the 
30 contemplated Copolymer 1- or Terpolymers or Copopt i des can inhibit binding of or 

15 



displace the type II collagen 261-273 peptide from the antigen binding groove of an 
MHC class II protein. The Class II MHC protein consists of approximately equal- 
sized a and p subunits, both of which are transmembrane proteins. A peptide- 
binding cleft is formed by parts of the amino termini of both a and 3 subunits. This 
5 peptide-binding cleft is the site of presentation of the antigen to T cells. There are at 
least three types of Class II MHC molecules: HLA-DR, HI_A-DQ, and HLA-DP 
molecules. There are also numerous alleles encoding each type of these HI_A 
molecules. The Class II MHC molecules are expressed predominantly on the 
surfaces of B lymphocytes and antigen presenting cells such as macrophages. 

10 The Cop e ptid e s of th i s invent i on ar e synth e tic pept i d e s at least s e v e n amino 

ac i d r e sidu e s in le ngth and capab le of binding to an MHC c l ass I I prot e in assoc i at e d 
vtfith an autoimmun e dis e as e . Th e Cop e ptide can includ e an am i no - termina l alan i n e , 
and the sequenc e is s ele ct e d from th e group of amino acid s e quenc e s cons i sting of 
a l an i n e - g l utam i c ac i d — lysine - tyrosine - a l anine (AEKYA) (SEQ ID NO: 4); alanine 

15 - glutamic acid - lysine ■ valine - alanin e (AE I <VA)(SEQ I D NO: 5); a l an i ne - g l utam i c 
acid - lys i n e - phenylalanin e - alanin e (AE I <FA)(SCQ ID NO: 6); lysine - glutamic ac i d 
- tyros i ne - a l anine (KCYA)(SEQ ID NO: 7); lysin e - tyrosine - alan i ne - glutamic ac i d 
(KYAE)(SEQ ID NO: 8 ); l ys i ne - glutam i c ac i d - val i n e - a l an i ne (KCVA)(SEQ ID NO: 
0); l ysine - valine - a l an i ne - g l utamic acid (KVAE)(SEQ I D NO: 10); lys i n e - glutamic 

20 ac i d - phenyla l anine - alanine (KErA)(SEQ I D NO: 11); lys i ne - ph e nylalan i ne - 

a l anine - g l utamic acid (KrAE)(SEQ ID NO: 12); lys i ne - tyros i ne ■ a l an i ne - alan i ne 
(KYAA) (SEQ ID NO: 13); lysine - lysine - tyros i n e ■ a l anine (KKYA)(SEQ ID NO: 
14); l ysin e - val i ne - a l anine - alan i ne (KVAA)(SEQ I D NO: 15); lysine - l ysine 
va l in e - alanin e (KKVA)(SEQ I D NO: 16); lysine - phenyla l anine - alanine - alanine 

25 ( l <FAA)(SEQ I D NO: 17); and lysine - lys i ne - phenylalanine ■ a l anine (KKrA)(SEQ 
ID NO: 18). In this embodiment, th e p e pt i de can further compr i se two alan i n e 
r e sidu e s, and the sequ e nc e can b e s ele ct e d from th e group or sequenc e s consisting 
of a l anine ■ l ys i ne - tyrosine alan i n e - glutamic acid (AKYAE)(SEQ I D NO: 10); 
g l utamic ac i d - alan i ne - lysin e - tyros i ne ■ alan i ne (EAKYA)(SEQ I D NO: 20); alanine 

30 - l ys i n e - val i n e - a l an i ne - g l utamic ac i d (AKVAE)(SEQ I D NO: 21); g l utamic acid - 
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a l an i ne — l ysine - va li ne - a l an i ne (EAKVA)(SC:Q I D NO: 22); alan i n e — lysin e - 
pheny l a l an i ne - a l an i ne - glutam i c ac i d (AKrAII)(SEQ ID NO: 23); and glutamic ac i d 
a l an i ne - l ysine - pheny l a l an i n e alan i ne (EAKrA)(S[IQ I D NO: 24). 

In anoth e r e mbod i m e nt, the po l yp e ptid e i s a Cop e ptid e wh i ch has a s e qu e nc e 
5 s ele ct e d from th e group cons i st i ng of: 

AKEYAAAAAAKAAAA (SCO I D NO: 25) 
AAEYAAAAAAKAAAA (SCO I D NO: 26) 
AAKYAEAAAAKAAAA (SEQ I D NO: 27) 
EAKYAAAAAAKAAAA (SEQ I D NO: 20) 
10 AEKYAAAAAAKAAAA (SEQ I D NO: 20 

KEAYAAAAAAKAAAA (SEQ ID NO: 30) 
AEEYAAAAAAKAAAA (SEQ I D NO: 31) 
EKAYAAAAAAKAAAA (SEQ I D NO: 32) 
AAKYEAAAAAKAAAA (SEQ I D NO: 33) 
15 EAAYAAAAAAKAAAA (SEQ I D NO: 34) 

EKKYAAAAAAKAAAA (SEQ ID NO: 35) 
AKKYEAAAAAAAAAA (SEQ I D NO: 36) 
AAEYKAAAAAAAAAA (SEQ I D NO: 37) 
AAKYEAAAAAAAAAA (SEQ I D NO: 3 8 ) 
20 AAKYAEAAAAAAAAA (SEQ I D NO: 39) 

AEYAKAAAAAAAAAA (SEQ I D NO: 40) 
AEKAYAAAAAAAAAA (SEQ I D NO: 41) 
AYKAEAAAAAAAAAA (SEQ I D NO: 42) and 
AKYAEAAAAAAAAAA (SEQ I D NO: 43), 
25 wh e r e in th e p e ptid e has h i gh affin i ty for an M H C class I I prot ei n- 
Y e t another e mbod i m e nt of th e i nv e nt i on i s a Cop e pt i d e having any of the 
pr e c e ding s e qu e nc e s i n wh i ch th e tyros i n e (Y) has b ee n subst i tut e d by va li n e (F) or 
ph e ny l a l an i n e (F). 

Anoth e r e mbod i m e nt of the inv e nt i on prov i d e s a Cop e pt i d e w i th an am i no 
30 ac i d sequ e nc e capab le of i nh i b i t i ng th e i mmun e r e spons e to an autoant i g e n i n a 
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mammal, wh e r e in th e identity and position of at least one amino acid in th e 
po l ypept i d e s e qu e nc e corresponds to tho i d e nt i ty and pos i tion of at l east one am i no 
acid in the p e ptide binding groove of an M l I C c l ass I I prote i n. ( I n th i s e mbod i m e nt, 
th e Cop e pt i d e can conta i n oth e r amino ac i ds as ind i cat e d b el ow). For tr e at i ng 
5 mu l tiple sc le ros i s or rh e umato i d arthr i t i s, th e MHC class II prot e in con be selected 
from the group consisting of an HLA - DR1 prot ei n, an H I-A - DR4 prote i n or an I I LA - 
DR2 prot e in. In a pref e rred e mbodim e nt, th e id e ntity and position of at l e ast on e 
amino acid i n th e polypeptide corresponds to the id e ntity and position of an amino 
acid i n th e P1 pocket of th e MHC class II p e ptid e binding groove. More preferab l y, 

10 th e Cop e ptide has a tyros i ne, a val i n e , or a ph e ny l a l anin e corr e spond i ng to th e 
position of th e P1 pock e t of th e MHC class II p e ptid e b i nding groov e . This 
e mbod i m e nt furth e r provid e s an Cop e pt i de composition wh e rein the am i no acid 
r e sidu e corr e sponding to th e f i rst amino ac i d of th e P1 pock e t i n th e MHC class I I 
peptide binding groov e i s alanin e . Th e e mbodiment furth e r provid e s a peptid e , 

15 wh e r e in th e am i no acid which corr e sponds to th e ei ghth am i no acid of the PI pock e t 
in the MHC class II p e ptide b i nd i ng groove i s lys i ne or alanine, and th e amino acid 
r e sidu e that corr e sponds to th e P I pock e t i s tyros i n e , va l in e , or ph e ny l alanin e . 

Anoth e r e xamp le of th i s i nv e nt i on prov i d e s a compos i t i on conta i n i ng a f i rst 
Cop e pt i d e and a second Copeptid e wher ei n th e first Copeptid e has a l ys i n e and th e 

20 s e cond Cop e ptid e has an alanin e at th e am i no ac i d position corr e spond i ng to th e 

e ighth am i no ac i d b e yond th e P1 pock e t in th e MHC class II p e ptid e b i nd i ng groov e . 

The present Terpolymers and Cop e ptid e s can be formulated into 
pharmaceutical compositions containing a pharmaceutically acceptable carrier. As 
used herein, "pharmaceutically acceptable carrier" includes any and all solvents, 

25 dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents, sweeteners and the like. The pharmaceutically 
acceptable carriers may be prepared from a wide range of materials including, but 
not limited to, flavoring agents, sweetening agents and miscellaneous materials such 
as buffers and absorbents that may be needed in order to prepare a particular 

30 therapeutic composition. The use of such media and agents with pharmaceutically 
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active substances is well known in the art. Except insofar as any conventional 
media or agent is incompatible with the active ingredient, its use in the therapeutic 
compositions is contemplated. Supplementary active ingredients can also be 
incorporated into the compositions. The present compositions may be formulated as 
an injectable solution or suspension, a spray solution or a suspension. 

Therapeutic Methods Contemplated by the Invention 

The present invention further provides methods for treating and preventing 
autoimmune diseases in a mammal which include administering a therapeutically 
effective amount of a composition having a polypeptide containing at least three 
different amino acids selected from the group consisting of the amino acids which 
comprise Copolymer 1, namely glutamic acid, tyrosine, lysine, and alanine, wherein 
the selected amino acids are randomly polymerized in a linear configuration. In one 
embodiment the polypeptide is Copolymer 1 or a Terpolymer. 

Autoimmune diseases contemplated by the present invention include either 
cell-mediated disease (e.g. T-cell) or antibody-mediated (e.g. B cell) disorders. 
Such disorders can be inter alia arthritic conditions, demyelinating diseases and 
inflammatory diseases. For example, autoimmune diseases which can be treated 
by the present polypeptides include multiple sclerosis, autoimmune hemolytic 
anemia, autoimmune oophoritis, autoimmune thyroiditis, autoimmune uveoretinitis, 
Crohn's disease, chronic immune thrombocytopenic purpura, colitis, contact 
sensitivity disease, diabetes mellitus. Graves disease, Guillain-Barre's syndrome, 
Hashimoto's disease, idiopathic myxedema, myasthenia gravis, psoriasis, 
pemphigus vulgaris, rheumatoid arthritis, or systemic lupus erythematosus. The 
present compositions can be used to treat one or more of these diseases. 

The term "arthritic condition" as used herein is a condition wherein at least 
one symptom of rheumatoid arthritis is observed in at least one joint of a mammal, 
for example in a shoulder, knee, hip, backbone or a digit of the mammal. Examples 
of arthritic conditions include "Polyarthritis", which is an arthritic condition that affects 
more than a single joint; "juvenile arthritis", an arthritic condition of humans under the 
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age of 21; and Felty's syndrome, which can include the symptoms of neutropenia, 
splenomegaly, weight loss, anemia, lymphadenopathy, and pigment spots on the 
skin. 

In one embodiment, any autoimmune disease can be treated by the present 
5 polypeptides so long as the contemplated polypeptide binds to an MHC class II 

protein that has been associated with the autoimmune disease. One aspect of this 
embodiment provides a method which includes selecting a polypeptide that inhibits 
binding of an antigenic peptide to an MHC class II protein, for example, a method 
wherein step (a) further comprises selecting the heteropolymer that inhibits class II- 

10 specific T cell responses to an MHC class II protein-peptide complex, and a method 
wherein the antigenic peptide is associated with an autoimmune disease; in another 
embodiment of the invention, a method is provided wherein the MHC class II protein 
is associated with an autoimmune disease. 

In another embodiment, the method for treating an autoimmune disease in a 

1 5 mammal further involves inhibiting the proliferation or function of T cells which are 
responsive to an autoantigen. RA is a T cell-mediated autoimmune disease which 
can be treated with the present polypeptides. The pathological process of 
autoimmune diseases and immune rejection is mediated by T cells. Upon binding to 
and recognition of an antigen, T cells proliferate, secrete cytokines and recruit 

20 additional inflammatory and cytotoxic cells to the site. The present polypeptides 
prevent T cell proliferation and T cell functions such as cytokine secretion and 
recruitment of inflammatory and cytotoxic cells to the site. When the autoimmune 
disease is an arthritic condition the autoantigen can be collagen, and the present 
polypeptides can inhibit the proliferation and function of collagen-responsive T cells. 

25 In another embodiment, the method for treating an autoimmune disease in a 

mammal involves binding the polypeptide to an antigen presenting cell such as a 
macrophage, a dendritic cell of the lymphoid tissue or an epidermal cell. The 
proliferation and functions of a T cell are activated when an appropriate antigen is 
presented to it. By binding to antigen presenting cells, the present polypeptides may 

30 block or othenwise interfere with T cell activation. 
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In yet another embodiment, the method for treating an autoimmune disease in 
a mammal involves binding the polypeptide to a major histocompatibility complex 
class II protein which is associated with an autoimmune disease. The Class II MHC 
proteins are expressed predominantly on the surfaces of B lymphocytes and antigen 
5 presenting cells such as macrophages. These Class II MHC proteins have a 

peptide-binding cleft which is the site at which antigenic peptides are presented to T 
cells. When the present polypeptides bind to a major histocompatibility complex 
class II protein, those polypeptides can block or otherwise interfere with antigen 
presentation and/or T cell activation. 

10 In another embodiment, the method for treating an autoimmune disease in a 

mammal involves binding the polypeptide to Copolymer 1 -reactive B cell antibodies, 
and/or Copolymer 1 -reactive T cells. Copolymer 1 -reactive Th2/3T cells facilitate the 
therapeutic effects of Copolymer 1 . When binding to Copolymer 1 -reactive T cells, 
the present polypeptides stimulate those T cells to proliferate, secrete 

1 5 antiinflammatory cytokines and enhance the therapeutic benefits of treatment by the 
present methods. According to the present invention, the present polypeptides also 
bind to autoantigen-reactive antibodies which may block the antibody from attacking 
the target tissue, thereby helping to prevent the autoimmune disease from 
progressing. For example, when the present polypeptides are bound to MBP- 

20 specific antibodies, those antibodies may not bind to MBP and thereby lead to the 
destruction of MBP in the myelin sheath. 

The present polypeptides may be administered by any convenient route. In 
one embodiment the present polypeptides and p e pt i d e s can be administered by 
injection to facilitate delivery to the tissues affected by the autoimmune disease. 

25 Thus, the present p e ptid e s and polypeptides may, for example, be injected, 
ingested, inhaled, or topically applied. The subject polypeptides may be 
incorporated into a cream, solution or suspension for topical administration. The 
present polypeptides are preferably administered orally, topically or by injection 
without addition of an adjuvant. 

30 
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Us ful Kits of the Invention 

Another embodiment of the invention, provides a kit for assaying the binding 
of an analyte to an MHC protein, which includes a water-soluble MHC protein which 
has been recombinantly produced in a non-mammalian cell, and a means for 
5 detection of the bound analyte on the MHC protein, and instructions for use. The 
MHC protein used in the kit is an MHC class II protein selected from the group 
consisting of an MHC class II HLA-DR1 protein, an MHC class II HLA-DR2 protein 
and an MHC class II HLA-DR4 protein. The kit can further comprise an 
autoantigenic peptide. 

10 In a preferred embodiment, the MHC class II protein is produced in an 

invertebrate or a microbial cell, such as an insect cell or a yeast cell and is therefore 
devoid of bound peptide in the antigen cleft. The means for detecting binding of the 
analyte to the MHC protein can be any radioactive, fluorimetric, chemiluminescent, 
enzymatic or colorimetric means known to one of ordinary skill in the art. In a 

15 preferred embodiment, the MHC protein is a class II HLA-DR1 or HLA-DR4 protein. 
Further, the kit can include also an autoantigenic peptide, such as a collagen II 
peptide, or a peptide derived from myelin basic protein, myelin oligodendrite protein, 
or a peptide from some other protein implicated in an autoimmune disease. 

20 Synthesis of the Terpolymers of the Invention 

The Terpolymers can be made by any procedure available to one of skill in 
the art. For example, the Terpolymers can be made under condensation conditions 
using the desired molar fraction of amino acids in solution or by solid phase 
synthetic procedures. Condensation conditions include the proper temperature, pH 

25 and solvent conditions for condensing the carboxyl group of one amino acid with the 
amino group of another amino acid to form a peptide bond. Condensing agents, for 
example, dicyclohexyl-carbodiimide, can be used to facilitate the formation of the 
peptide bond. Blocking groups can be used to protect functional groups, such as 
the side chain moieties and some of the amino or carboxyl groups, against 

30 undesired side reactions. 
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For example, the process disclosed in U.S. Patent 3,849,550 can be used 
where the N-carboxyanhydrides of tyrosine, alanine, y-benzyl glutamate and 
N-trifiuoroacetyl-lysine are polymerized at ambient temperatures in anhydrous 
dioxane with diethylamine as an initiator. The y-carboxyl group of the glutamic acid 
can be deblocked by hydrogen bromide in glacial acetic acid. The trifluoroacetyl 
groups are removed from lysine by 1 molar piperidine. One of skill in the art readily 
understands that the process can be adjusted to make p e ptid e s and polypeptides 
containing the desired amino acids, for example, only three of the four amino acids 
in Copolymer 1 by selectively eliminating the reactions that relate to any one of 
glutamic acid, alanine, tyrosine or lysine. For purposes of the application, the terms 
"ambient temperature" and "room temperature" mean a temperature ranging from 
about 20 to about 26 degrees Centigrade (°C). 

The average molecular weight of the Terpolymers can be adjusted during 
polypeptide synthesis or after the Terpolymers have been made. To adjust the 
average molecular weight during polypeptide synthesis, the synthetic conditions or 
the amounts of amino acids are adjusted so that synthesis stops when the 
polypeptide reaches the approximate length which is desired. After synthesis, 
polypeptides with the desired average molecular weight can be obtained by any 
available size selection procedure, for example, chromatography of the polypeptides 
on a molecular weight sizing column or gel, and collection of the average molecular 
weight ranges desired. The present polypeptides can also be partially hydrolyzed to 
remove high molecular weight species, for example, by acid or enzymatic hydrolysis, 
and then purified to remove the acid or enzymes. 

In one embodiment, the present invention provides a process for preparing 
Terpolymers with a desired average molecular weight which includes reacting a 
protected polypeptide with hydrobromic acid to form a polypeptide having the 
desired average molecular weight profile. The reaction is performed for a time and 
at a temperature which is predetermined by one or more test reactions. During the 
test reactions, the time and temperature are varied and the average molecular 
weight range of a given batch of test polypeptides is determined. The test 
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conditions which provide the optimal average molecular weight range for that batch 
of polypeptides are used for the batch. Thus, polypeptides having the desired 
average molecular weight profile, can be produced by a process which includes 
reacting the protected polypeptide with hydrobromic acid for a time and at a 
temperature predetermined by test reaction. 

In a preferred embodiment, a test sample of protected polypeptide from a 
given batch is reacted with hydrobromic acid for about 10-50 hours at a temperature 
of about 20-28X. The best conditions for that batch are determined by running 
several test reactions. For example, in one embodiment, the protected polypeptide 
is reacted with hydrobromic acid for about 17 hours at a temperature of about 26 °C. 

The examples which follow describe the invention in detail with respect to 
showing how certain specific representative embodiments thereof can be made, the 
materials, apparatus and process steps being understood as examples that are 
intended to be illustrative only. In particular, the invention is not intended to be 
limited to the methods, materials, conditions, process parameters, apparatus and the 
like specifically recited herein. 

Throughout this application, various publications, patents, and patent 
applications have been referred to. The teachings and disclosures of these 
publications, patents, and patent applications in their entireties are hereby 
incorporated by reference into this application to more fully describe the state of the 
art to which the present invention pertains. 

It is to be understood and expected that variations in the principles of 
invention herein disclosed may be made by one skilled in the art and it is intended 
that such modifications are to be included within the scope of the present invention. 
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EXAMPLE I 
PREPARATION OF POLYPEPTIDES 



Preparation of Protected Polypeptides 

5 Protected polypeptides are prepared as described by Teitelbaum et a!., using 

the N-carboxyanhydride (NCA) blocked amino acids tyrosine, alanine, glutamic acid 
and trifluoroacetyllysine dissolved in dioxane. 1 Eur. J. Immun. 242 (1971). The 
carboxylate group on glutamic acid is blocked with a benzyl (BZ) group. 

The polymerization process is initiated by the addition of 0.01 - 0.02% 

10 diethylamine. The reaction mixture is stirred at room temperature for 20 hours and 
then poured into water. The protected polypeptide product is filtered, washed with 
water and dried. The removal of the y-benzyl blocking groups from the glutamate 
residue is carried out by treating the protected polypeptide with 33% hydrobromic 
acid in glacial acetic acid at room temperature for 6-12 hours with stirring. The 

15 product is poured into excess water, filtered, washed and dried, yielding the 
protected polypeptide. 

Preparing Polypeptides with Molecular Weight 7,000 ± 2,000 Da 

Treatment of y-benzyl protected polypeptides 33% HBr in acetic acid not only 
20 insures removal of the benzyl protecting group from the ycarboxylate of the 
glutamate residue but also cleaves the polypeptides into smaller polypeptides. 

The time needed for obtaining a polypeptide of molecular weight 7,000 
± 2,000 daltons depends on the reaction temperature and the size of protected 
polypeptide. At temperatures of between 20''C to IS^'C a test reaction is performed 
25 on every batch for different time periods, for example, from 10-50 hours. A curve of 
average molecular weight obtained over time is drawn. The time needed for 
obtaining molecular weight 7,000 ± 2,000 Da is calculated from the curve and the 
reaction is performed on a larger scale. On average, at 26''C, the time period for 
obtaining a mixture of polypeptides with a molecular weight of 7,000 ± 2,000 Da is 
30 17 hours. The product is poured into excess water, filtered, washed and dried, 



yielding a polypeptide with a desired range of average molecular weights. 

Preparation of low-toxicity lysine-containing polypeptides 

Protected trifluoroacetyl-poiypeptide (20 g) is dispersed in 1 liter of water and 
5 100 g piperidine is added. The mixture is stirred for 24 hours at room temperature 
and filtered. The solution of crude polypeptide is distributed into dialysis bags and 
dialyzed at 10-20°C in water until pH 8 is attained. The polypeptide solution is 
dialyzed in 0.3% acetic acid and then again in water until pH 5.5 to 6.0 is obtained. 
This solution is then concentrated and lyophilized to dryness. 

10 

Synthesis of: Molecular weight 7,600 TGA, poly[L-Tyr° L-Glu° L-Ala"^'^ 

1) Raw Materials: 

L-Ala-NCA 18.74 g 

L-Tyr-NCA 6.5 g 

15 5-BZ-L-Glu-NCA 13 g 

Diethylamine 0.165 g 

Dioxane 790 ml 

HfefHBr/AcOH(33%) 480 ml 

Phenol 4.8 g 

20 Piperidine 13.2 ml 

Deionized water 

Acetic acid 

2) Procedure: 

25 L-Tyr-NCA (6.5 g) is placed in dioxane (21 1 ml) and heated to 60°C for 1 0 

min, then filtered. 5-BZ-L-Glu-NCA (13 g) is placed in dioxane (226 ml) and stirred 
at 20-25°C for 10 min, then filtered. L-Ala-NCA (18.74 g) is placed in dioxane 
(350 ml) and stirred at 20-25°C for 10 min, then filtered. 

A 2L Erienmeyer equipped with a magnetic stirrer, is charged with the solution 

30 of L-Tyr-NCA, the solution of 5-BZ-L-Glu-NCA and the solution of L-Ala-NCA. 
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Diethylamine (0.165 g) in dioxane (2.5 ml) is introduced to the reaction mixture and 
stirred at 20-25 °C for 20 hours. The reaction mixture is added to deionized water 
(1 L), filtered and dried at 60°C under vacuum. Yield - 25.8g. 

A solution of phenol (4.8 g) in HfefHBr/AcOH (33%;480 ml) is stirred for 20 
hours. A 2L Erienmeyer equipped with a magnetic stirrer, is charged with a solution 
of HbfHBr/AcOH, poly[5-BZ-L-Glu,L-Ala,L-LTyr] and stirred at 26±rC for 16 hours. 
The reaction mixture is added to deionized water (2L) and stirred for 1 hour. The 
precipitate is filtered and washed with deionized water until the pH is 6. The product 
is dried in a circulating air oven at 40°C, for about 40 hours. Yield - 24 g. 

A 2L Erienmeyer equipped with a magnetic stirrer, is charged with a 
piperidine (13.2 ml), deionized water (1200 ml), and poly[L-Glu,L-Ala,L-LTyr], then 
stirred at 20-25 °C for 24 hours. The resulting solution is ultrafiltered through 
polyethersulphone membranes with a cutoff of 5000 daltons until two thirds of the 
original volume is removed. The original volume is restored by addition of fresh 
deionized water. The process is repeated 5 times, until the impurity content is less 
than 1% by HPLC . The resulting solution (at full volume) is acidified to pH 4.4 with 
acetic acid. The solution is ultrafiltered to pH 5.5-6 and the volume is reduced to 
one third. The resulting solution is lyophilized to dryness. 

Synthesis of Molecular Weight 8850 GAL, 

1) Raw Materials 

L-Ala-NCA 
N6-TFA-L-Lys-NCA 
5-BZ-L-Glu-NCA 
Diethylamine 
Dioxane 

HbfHBr/AcOH (33%) 
Phenol 
Piperidine 
Deionized water 



poly[L-Glu°^^^L-Ala°^'^L-Lys"''] 

14g 
22.9 g 
9.8 g 
0.12 g 
850 ml 
480 ml 
4.8 g 
13.2 ml 
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Acetic acid 
2) Procedure 

N6-TFA-L-Lys-NCA (22.9 g) in dioxane (420 ml) is stirred at 20-25X for 10 
min. and filtered. 5-BZ-L-Glu-NCA (9.8 g) in dioxane (170 ml) is stirred at 20-25X 
for 10 min. and filtered. L-Ala-NCA (14 g) in dioxane (260 ml) is stirred at 20-25°C 
for 10 min. and filtered. A 2L Erienmeyer equipped with a magnetic stirrer, is 
charged with the solution of N6-TFA-L-Lys-NCA, the solution of 5-BZ-L-Glu-NCA 
and the solution of L-Ala-NCA. Diethylamine (0.12 g) in dioxane (2.5 ml) is added, 
and the reaction mixture is stirred at 20-25 ""C for 20 hours. The reaction mixture is 
added to deionized water (1L), filtered and dried at 60°C under vacuum. 

A solution of phenol (4.8 g) in HbfHBr/AcOH (33%;480 ml) is stirred for 20 
hours. A 2L Erienmeyer equipped with a magnetic stirrer, is charged with a solution 
of HbfidBr/AcOH, poly[5-BZ-L-Glu,L-Ala,N6-TFA-L-Lys] (24 g) and is stirred at 
26±1 °C for 16 hours. The reacfion mixture is added to deionized water (2L) and 
stirred for 1 hour. The precipitate is filtered and washed with deionized water until 
pH=6. The product is dried in a circulating air oven at 40°C, about 40 hours. 

A 2L Erienmeyer equipped with a magnetic stirrer, is charged with piperidine 
(13.2 ml), deionized water (1200 ml) and poly[L-Glu,L-Ala,N6-TFA-L-Lys] (24 g) is 
sfirred at 20-25X for 24 hours. The solution is ultrafiltered through 
polyethersulphone membranes with a cut off of 5000 daltons until two thirds of the 
original volume are removed. The original volume is restored by addition of fresh 
deionized water. The process is repeated 5 fimes, until the impurity content is less 
than 1% (by HPLC). The resulting solution (at full volume) is acidified to pH 4.4 with 
acetic acid. The solution is ultrafiltered unfil the pH is 5.5-6 and the volume is 
reduced to one third. The resulting solution is lyophilized to dryness. 

Synthesis of Molecular Weight 11,050 TGL, polyIL-Tyr^^^^ L.GIu^^'SL-Lys°^^^ 
1) Raw Materials 

5-BZ-L-Glu-NCA 10.34 g 
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N6-TFA-L-Lys-NCA 

L-Tyr-NCA 

Diethylamine 



24.16 g 
5.2 g 
0.095 g 



Dioxane 



810 ml 



HbfHBr/AcOH (33%) 



460 ml 



Phenol 



4.6 9 



Piperidine 



150 ml 



Deionized water 
Acetic acid 

2) Procedure 

L-Tyr-NCA (5.2 g) in dioxane (180 ml) is heated to 60X for 10 min, and 
filtered. N6-TFA-L-Lys-NCA (24.16 g) in dioxane (450 ml) is stirred at 20-25X for 
10 min. and filtered. 5-BZ-L-Glu-NCA (10.35 g) in dioxane (180 ml) is stirred at 20- 
25X for 10 min. and filtered. 

A 2L Erienmeyer equipped with a magnetic stirrer, is charged with the solution 
of N6-TFA-L-Lys-NCA, the solution of L-Tyr-NCA and the solution of 5-BZ-L-Glu- 
NCA. Diethylamine (0.095 g) in dioxane (2.5 ml) is introduced, and the reaction 
mixture is stirred at 20-25°C for 20 hours. The reaction mixture is added to 
deionized water (0.7L), filtered and dried at 60°C under vacuum. 

A solution of phenol (4.6 g) in HbfHBr/AcOH (33%;460 ml) is stirred for 20 
hours. A 2L Erienmeyer equipped with a magnetic stirrer, is charged with the 
solution of HB/r/AcOH and the poly[5-BZ-L-Glu,L-Tyr,N6-TFA-L-Lys]. This mixture is 
stirred at 26±1 °C for 16 hours and then the mixture is added to deionized water (1.5 
L) and stirred for Vz hour. The precipitate is filtered and washed with deionized water 
until the pH is 5.5. 

A 2L Erienmeyer equipped with a magnetic stirrer, is charged with a 
piperidine (150 ml), deionized water (1400 ml), and poly[L-Glu,L-Tyr,N6-TFA-L-Lys] 
(50 g) and is stirred at 20-25°C for 24 hours. The resulting solution of poly[L-Glu, L- 
Tyr, L-Lys] is ultrafiltered through polyethersulphone membranes with a cut off of 
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5000 daltons until two thirds of the original volume were removed. The original 
volume is restored by addition of fresh deionized water. The process is repeated 5 
times, until the impurity content is less than 1% (by HPLC). The resulting solution (at 
full volume) is acidified to pH 4.2 with acetic acid. The solution is ultrafiltered to a pH 
of 5.5-6 and the volume is reduced to one third. The resulting solution is lyophilized 
to dryness. 

Synthesis of Molecular Weight 20,000 TAL, poly[L-Tyr°^^2 L-A^a°^^^ L-Lys^ 



1 ) Raw Materials 

UAIa-NCA 14 g 

N6-TFA-L-Lys-NCA 22.9 g 

L-Tyr-NCA 4.9 g 

Diethylamine 0.1 g 

Dioxane 850 ml 

HbfHBr/AcOH (33%) 500 ml 

Phenol 5 g 

Piperidine 162 ml 
Deionized water 
Acetic acid 

2) Procedure 



L-Tyr-NCA (4.9 g) in dioxane (170 ml) is heated to 60°C for 10 min, and 
filtered. N6-TFA-L-Lys-NCA (22.9 g) in dioxane (417 mi) is stirred at 20-25°C for 
10 min. and filtered. L-Ala-NCA (14 g) in dioxane (260 ml) is stirred at 20-25 X for 
10 min. and filtered. 

A 2L Erienmeyer equipped with a magnetic stirrer, is charged with the solution 
of N6-TFA-L-Lys-NCA, the solution of Tyr-NCA in dioxane and the solution of L-Ala- 
NCA. Diethylamine (0.1 g) in dioxane (2 ml) is introduced and the mixture is stirred 
at 20-25°C for 20 hours. The reaction mixture is then added to deionized water (1L), 
filtered and dried at 60°C under vacuum. 

A solution of phenol (5 g) in HfefHBr/AcOH (33%;500 ml) is stirred for 20 
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hours. A 2L Erienmeyer equipped with a magnetic stirrer, is charged with the 
solution of HB/r/AcOH and the poly[L-Ala,L-Tyr,N6-TFA-L-Lys] and is stirred at 
26±1 °C for 16 hours. The reaction mixture is then added to deionized water (2L) 
and stirred for Vz hour. The precipitate is filtered and washed with deionized water 
5 until the pH is 5.5. 

A 2L Erienmeyer equipped with a magnetic stirrer, is charged with a 
piperidine (162 ml), water (1500 ml) and the poly[L-Ala,L-Tyr,N6-TFA-L-Lys] (30 g), 
and is stirred at 20-25°C for 24 hours. The resulting solution of poly[L-Ala,L-Tyr,L- 
Lys] is ultrafiltered through polyethersulphone membranes with a cut off of 5000 

10 daltons until two thirds of the original volume were removed. The original volume is 
restored by addition of fresh deionized water. The process is repeated 5 times, until 
the impurity content is less than 1% (by HPLC). The resulting solution (at full 
volume) is acidified to pH 4.4 with acetic acid. The solution is ultrafiltered to pH 5.5- 
6 and the volume is reduced to one third. The resulting solution is lyophilized to 

15 dryness. 

EXAMPLE 2 
LOW MOLECULAR WEIGHT POLYPEPTIDES 

20 In Vivo Tests 

Three batches of copolymer-1 having an average molecular weight of 7.3 and 
8.4 KDa (less than 2.5% copolymer-1 species over 40KDa) and 22KDa (more than 
5% copolymer-1 species over 40KDa) were subjected to the toxicity test described 
below. Five mice were used in each experimental group. 

25 

Method 

Copolymer-1 is dissolved in distilled water to yield a solution of 2 mg/ml of the 
active ingredient. Each mouse is injected with 0.5 ml of the test solution into the 
lateral tail vein. Mice were observed for mortality and relevant clinical signs over a 
30 48 hour period. Observations were recorded 10 minutes, 24 hours and 48 hours 
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post-injection. If, at the end of 48 hours, all the animals were alive and no adverse 
signs had been observed, then the batch is designated "non-toxic". If, however, one 
or more of the mice had died or had shown adverse signs, then the batch is 
designated "toxic". 

Results 

Three of five mice died after 48 hours when treated with the 22 kDa average 
molecular weight Copolymer 1 polypeptides. Accordingly, this high average 
molecular weight batch is designated "toxic". The Copolymer 1 batches having 
average molecular weights of 7.3 and 8.4 KDa were both designated "non-toxic." 

In Vitro Rat Basophilic Leukemia Cell Degranulation Tests 

Histamine (or serotonin) release from basophile is an in vitro model for 
immediate hypersensitivity. The Rat Basophilic Leukemia cell line, RBL-2Ho, is 
uniform and easy to maintain in culture but is a highly sensitive and reproducible 
system for testing for degranulation. E.L. Basumian, et a!., 1 1 Eur. J. Immunol. 317 
(1981). The physiological stimulus for histamine release involves binding of the 
antigen to membrane-bound IgE molecules, which triggers an intricate biochemical 
cascade. Degranulation is induced by non-lgE-mediated stimuli, including various 
peptides and synthetic polymers, e.g. polyiysine. R.P. Siraganian, Trends in 
Pharmacological Sciences 432 (Oct. 1983). The RBL degranulation test is, 
therefore, used to screen out those batches of COP-1 which evoke substantial 
degranulation and thus might elicit undesirable local and/or systemic side effects. 

Method 

Rat Basophilic Leukemia cells (RBL-2Ho), are loaded with [H^]-serotonin, 
followed by incubation with 100 ^g of the COP-1 to be tested. Batches of COP-1 
which induce non-specific degranulation, release [H^]-serotonin into the medium. 
The radioactivity in the medium is counted by a scintillation counter and the total 
radiolabeled serotonin incorporated into the cells is determined in the pelleted cells. 
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Percent degranulation is calculated as the percentage of serotonin released out of 
the total Incorporated. 

Results 

5 Four batches of Copolymer 1 , with average molecular weight between 8,250- 

14,500 were analyzed for both percentage of the species with molecular weight over 
40 kDa and for degranulation of RBL's. Results are summarized in Table 1 . 



Table 1 



Average M.W. 


% of species with M.W. 
over 40 KDa 


% Serotonin Release 


6,250 


<2.5 


12.4 


7.300 


<2.5 


21.0 


13,000 


> 5 


66.9 


14,500 


> 5 


67.8 



As can be seen, when the percentage of high average molecular weight species is 
low (less than 2.5%), the percent release of serotonin is also low, and vice versa. 
These data indicate that lower average molecular weight Copolymer 1 polypeptides 
are preferable to higher average molecular weight Copolymer 1 polypeptides. 

20 

EXAMPLE 3 

SUPPRESSION OF EAE BY THE POLYPEPTIDES 

Injection of Copolymer 1 in incomplete Freund's adjuvant before disease 
25 induction can suppress experimental allergic encephalomyelitis (EAE). This 

suppression appears to be mediated by Copolymer 1 -specific suppressor T cells of 
the Th2 type which cross react with myelin basic protein. Lando et al., 123 J. 
Immunol. 2156 (1979); Aharoni et al., 17 Eur. J. Immunol 23 (1993); Aharoni et al., 
94 Prog. Natl. Acad. Sci. USA 10821 (1997). Other researchers have observed 
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that the therapeutic effect of Copolymer 1 in multiple sclerosis patients is also 
associated with the induction of Th2 cells. Lahat et al., 244 J. Neurol. 129 (1997). In 
this example, EAE is suppressed to by different polypeptides of the present 
invention. 

METHODS 

Copolymer 1 

Copolymer 1 batches # 02095 and 55495, with average molecular weights of 
6000 Da and 5800 Da, respectively, were obtained from Teva Pharmaceutical 
Industries (Petach Tikva, Israel). 

Terpolymers 

Four terpolymers were obtained from Teva Pharmaceutical Industries (Petach 
Tikva, Israel). The properties of these terpolymers are provided below: 

1) The GAL terpolymer (SD-1689) is a mixture of polypeptides containing the 
following mole fraction of amino acids glutamic acid (0.153), alanine (0.479) and 
lysine (0.365). The range of GAL average molecular weights is about 4650 daltons 
to about 20,050 daltons. The average molecular weight of this GAL preparation is 
8850 daltons. 

2) The TGA terpolymer (SD-1690) is a mixture of polypeptides containing the 
following mole fraction of amino acids tyrosine (0.136), glutamic acid (0.210) and 
alanine (0.648). The range of TGA average molecular weights is about 1000 daltons 
to about 40,000 daltons. The average molecular weight of this TGA preparation is 
7600 daltons. 

3) The TAL terpolymer (SD-1691) is a mixture of polypeptides containing the 
following mole fraction of amino acids tyrosine (0.102), alanine (0.542) and lysine 
(0.353). The range of TAL average molecular weights is about 5700 daltons to 
about 34,400 daltons. The average molecular weight of this TAL preparation is 
about 20,000 daltons. 

4) The GTL terpolymer (SD-1697) is a mixture of polypeptides containing the 
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following mole fraction of amino acids glutamic acid (0.259), tyrosine (0.162) and 
lysine (0.579). The range of GTL average molecular weights is about 4.000 daltons 
to about 23,500 daltons. The average molecular weight of this GTL preparation is 
about 11050 daltons. 

A control polypeptide is used, consisting of a mixture of polypeptides 
containing a 1:1:1 mixture of amino acids alanine, glutamic acid and tyrosine, with 
an average molecular weight 26,700 Da. This polypeptide is obtained from Sigma 
Chemical Company (St. Louis, MO). 

Induction of EAE 

Two to three month old female (SJL/JxBALB/c)FI mice are injected in all four 
footpads with mouse spinal cord homogenate (3.5mg/mouse) emulsified in a 1:1 
ratio in complete Freund's adjuvant (CPA) supplemented with 4 mg/ml H37Ra. 
Pertussis toxin (0.25ml, 250ng, Sigma) is injected intravenously, immediately after 
and 48 hr later. Mice are examined daily from day 10 post induction for clinical signs 
of EAE which were scored on a 0-5 scale as described in Lando et al., 123 J. 
Immunol. 2156 (1979). 

EAE suppression by injection with incomplete adjuvant 

The tested polypeptides (lOmg/mouse) are injected in incomplete Freund's 
adjuvant (ICFA) subcutaneously in one nuchal area in 2-3 spots. EAE is induced 3 
weeks later as described above. 

EAE suppression by oral administration 

In a second test, female Lewis rats are fed 5 mg/kg guinea pig BP or 
Copolymer 1 dissolved in phosphate buffered saline (PBS) at 2-3 day intervals 
before EAE induction. EAE is induced two days after the last feeding by injection of 
25 /ug guinea pig MBP emulsified in 1:1 CFA containing 4 mg/ml mycobacterium 
tuberculosis (H37Ra) (Difco Lab, Detroit, Mich.). A total volume of 0.1 ml is injected 
into each of two hindfoot pads. Control rats are mock fed with phosphate buffered 
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saline. 

The efficacy of orally administered Copolymer 1 for preventing EAE in rats is 
compared to that of rats fed guinea pig MBP by the method of Higgins et al., 140 J. 
Immunol. 440 (1988). 

Animals were examined daily from day 10 post induction for signs of disease. 
EAE is scored as follows: 0 = no disease; 1 = limp tail; 2 = hind limb paralysis; 3 = 
paralysis of all four limbs; 4 = moribund condition; and 5 = death. 

RESULTS 

EAE suppression by injection with incomplete adjuvant 

Table 2 illustrates the effects of administering the present polypeptides by 
injection in ICFA prior to induction of EAE. Of the four polypeptides tested, 
Copolymer 1 and TAL caused the greatest EAE suppression. GTL also exhibited 
good suppressive activity. GAL and TGA, were somewhat less effective. 



Table 2 

Suppression of EAE in mice by Injection of the Present Polypeptides 



Polypeptide 


Incidence 


MMS* 


Suppression % 


Incidence 


MMS* 


None 


11/11 


4.0 






(Negative Control) 






ICFA 
(Negative Control) 


11/11 


3.4 


0.0 


15.0 


Copolymer 1 (Positive 
Control) 


2/11 


0.45 


82.0 


89.0 


SD-1689-GAL 


7/8 


3.5 


12.5 


12.5 


SD-1690-TGA 


6/8 


2.5 


25.0 


37.5 


SD-1691 - TAL 


3/8 


1.1 


62.5 


72.5 


SD-1697-GTL 


5/8 


1.5 


37.5 


62.5 


D-Copolymer 1 


11/11 


4.1 


0.0 


0.0 



*MMS = Mean Maximal Score 

D-Copolymer 1 is a copolymer of d-lysine, d-tyrosine, d-glutamic acid and d-alanine 
in the molar ratios of Copolymer 1 . 



Table 3 illustrates the efficacy of orally administered Copolymer 1 in 
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preventing the clinical manifestations of EAE in Lewis rats compared to rats 
receiving only phosphate buffered saline (PBS) or guinea pig basic protein (GPBP). 



Table 3 

Suppression of EAE in Rats by Oral Administration 
of the Present Polypeptides 



Fed Antigen 


Incidence 


IVIMS ± SD 


Mean Onset (days) 


PBS (Control) 


27/28 (96%) 


1.8 ±0.5 


11.9 


GPBP 


10/17 (59%) 
p=0.0026 


0.9 ±0.5 


11.4 


Copolymer 1 


13/28 (46%) 
p=0.00005 


0.78 ± 0.45 


12.6 



Each numerical value represents the cumulative results of 3-5 independent experiments. The 
p values represent the statistical significance of the difference from the control (PBS) group. Mean 
maximal score is calculated for the entire group. 

These data indicate that the present polypeptides are therapeutically effective for 
preventing the onset and severity of EAE when administered either orally or by 
injection. 

EXAMPLE 4 
BINDING TO ANTIGEN PRESENTING CELLS 

Several of the present polypeptides bind efficiently to living antigen presenting 

cells. 

METHODS 

Copolymer 1 

Copolymer 1 batches # 02095 and 55495, with average molecular weights of 
6000 Da and 5800 Da, respectively, were obtained from Teva Pharmaceutical 
Industries (Petach Tikva, Israel). 
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Terpolymers 

GAL, TGA, TAL, GTL and control polypeptides are as described above under 
Example 3. 

Biotinylation of antigens 

Blotlnylation of Copolymer 1 and Terpolymers is performed at 0°C with biotin- 
A/-hydroxysucclnlmide (Sigma) according to Fridkis-Hareli et al. 91 Proc. Natl. 
Acad. Sci. USA 4872 (1 994). 

Binding of biotinylated antigens to antigen presenting ceils 

The biotinylated polypeptides were examined for binding to living antigen 
presenting cells of mouse and human origin, using fluorescently labeled streptavidin 
and FACS analysis. Adherent spleen cells from (SJL/JxBALB/c)FI mice, or EBV 
transformed human B cells of DR7,w 1 1 haplotype (I x 10^/100 ^1), were incubated at 
37 °C for 20 hr. with 50 /uq biotinylated Copolymer 1 or Terpolymers dissolved in 
100 PBS containing 0.1% BSA. The cells were then incubated at 4°C for 30 min. 
with phycoerythrin-conjugated streptavidin (Jackson Immune Research, West Grove, 
PA) at a concentration of 0.5 /^g/lOO jul cell suspension. After each incubation the 
cells were washed three times with PBS containing 0.1% BSA. Thereafter, cells 
were analyzed by flow cytometry using FACScan (Becton-Dickinson, Mountain View, 
CA). For each analysis, 5000 cells were examined. Dead cells were excluded on 
the basis of fonward and side-angle light scatter. 

Epstein-Barr virus (EBV) transformed B-cell lines 

EBV-transformed B-cell lines were initiated according to Teitelbaum et al., 89 
Proc. Natl. Acad. Scl USA 1 37 (1 992). Approximately 20 x 10^ peripheral blood 
mononuclear cells were cultured with B95.8 cell line supernatant, for 1 hr at 37 °C. 
The cells were then washed and cultured in RPMI medium with 10% FCS and 
cyclosporin A (10 //g/ml) to deplete T cells. 
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RESULTS 

Table 4 illustrates the binding of terpolymers and Copolymer 1 polypeptides 
to living antigen presenting cells, including mouse spleen macrophages and human 
EBV transformed B-cell lines. Data illustrating both the percent of binding and the 
intensity of cell staining are provided (Table 4 l+ll). TAL bound the most efficiently - 
- better even than Copolymer 1 . GAL and GTL also bound very well -- the same or 
even somewhat better than Copolymer 1 . TGA bound well but somewhat less than 
Copolymer 1. 

TAL bound most efficiently both to spleen macrophages of (SJL/J x BALB/c) 
Fi mice and to EBV-transformed B cells from a normal DR7.w11 donor, as 
expressed by the intensity of the binding (Table 4). 
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Table 4 

Binding of Terpolymers to antigen presenting cells 



I. Antigen presenting cells from mouse spleen macrophages 



5 



Polypeptide 


% Binding 


MFI* 


Copolymer 1 
(positive control) 
SD-1689- GAL 
SD-1690-TGA 
SD-1691 - TAL 
SD-1697 - GTL 


85 

88 
74 
100 
90 


493 

600 
39 
1929 
973 


*MFI = Mean Fluorescence Intensity 




II. Antigen presenting cells from human EBV transformed B-cell line 


Polypeptide 


% Binding 


MFI* 


Copolymer 1 
(positive control) 
SD-1689 -GAL 
SD-1690-TGA 
SD-1691 - TAL 
SD-1697 - GTL 


96 

95 
72 
100 
97 


727 

661 
49 
1438 
1057 



*MFI = Mean Fluorescence Intensity 



EXAMPLE 5 

THE PRESENT POLYPEPTIDES BIND 
25 TO PURIFIED HUMAN LEUKOCYTE ANTIGENS (HLA) 

This example illustrates that polypeptides of the present invention bind to 
human B cells and to purified human lymphocyte antigens with high affinity, 
including the HLA-DR1, HLA-DR2 and HLA-DR4 molecules. 

30 

METHODS 

Cell lines and antibodies 

Homozygous EBV-transformed human B lymphocyte lines used for 
immunoaffinity purification of HLA-DR1, -DR2 and -DR4 molecules were LG-2 
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(DRB1-), MGAR (DRB1-1501) and Preiss (DRB-0401/DRB4-0101), respectively. 

Cells were grown in RPMI 1640 supplemented with 10% PCS, 2mM 
glutamine, 50 U/ml penicillin G and 50 //g/ml streptomycin in roller bottles and stored 
as pellets at -80°C. The anti-DR hybridoma LB3.1 (lgG2b) is grown in serum-free 
medium (Macrophage-SFM, Gibco BRL). See Gorga et al., 103 Cell. Immunol. 160 
(1986). 

Protein purification 

Immunoaffinity purification of HLA-DR1, -DR2 and -DR4 molecules is 
performed, with minor modifications, as previously reported by Gorga et al., 262 J. 
Biol. Chem. 16087 (1987). Briefly, detergent soluble membrane preparations from 
LG-2, MGAR and Priess cells were passed at a flow rate of approximately 1 1 ml/hr 
through a series of columns in the following sequence: Sepharose CL-6B (30 ml), 
normal mouse serum-Aff-gel 10 (10 ml), protein A-Sepharose CL-4B (5 ml) and 
LB3.1-protein A-Sepharose CL-4B (5 ml). DR2a (DRB5*0101) and Drw53h 
(DRB4*0101), the products of DR genes linked to the DRB1 alleles were not 
removed from the MGAR and Priess lysates before passage through the LB3.1 
immunoaffinity column, and contaminate the DR2 and DR4 preparations in the 
amount of 5-10%. All the subsequent steps were as previously described by Gorga 
et al., 262 J. Biol. Chem. 16087 (1987). The eluate is dialyzed against 0.1% 
deoxycholate, 10 mM Tris-HCI, pH 8.0 and concentrated on a Centriprep 30 
membrane (gAmicon)- Protein concentrations were determined by bicinchonitric 
acid assay (Pierce Chemical Co.). 

P e pt i des and Polypeptides and Control Antigens 
Copolymer 1 

Copolymer 1 batches # 55495 and 52596, with average molecular weight of 
5800 daltons and 8,150 daltons, respectively, were obtained from Teva 
Pharmaceutical Industries (Petach Tikva, Israel). Copolymer 1 batch 52596 had a 
molar ratio of 1 tyrosine: 1.5 glutamic acid: 4.3 alanine: 3.1 lysine. 
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Myelin Basic Protein and Hemagglutinin Control Peptides 

MBP peptides were synthesized on an Applied Biosystems Peptide 
Synthesizer using solid phase techniques. Barany et a!., The Peptides 1 (1979). 
Peptides purified by reversed-phase HPLC. The peptides used were HA 306-318, 
having the sequence PKYVKQNTLKLAT (MW 1718) (SEQ ID NO: 2), and MBP 84 
102, having the sequence DENPWHFFKNIVTPRTPP (MW2529) (SEQ ID NO: 1). 

Terpolymers 

GAL, TGA, TAL, GTL and control polypeptides are as described above under 
Exanriple 3. 

Polypeptide labeling 

Biotinylation of the various polypeptides is performed as in Example 4. 
Unreacted biotin is removed by dialysis (Spectra/Por® membrane MWCO 500, 
Spectrum Medical Industries). 

Assays for polypeptide binding to class II MHC proteins 

Solutions: The solutions used in this assay were the following. Binding 
buffer is 20 mM 2-[N-morpholino]ethanesulfonic acid (MES), 1% n-octyl p-D- 
glycopyranoside, 140 mM NaCI, 0.05% NaNg, pH 5.0, unless otherwise specified. 
PBS is 150 mM sodium chloride, 7.5 mM sodium phosphate, dibasic, 2.5 mM 
sodium phosphate, monobasic, pH 7.2. TBS is 137 mM sodium chloride, 25 mM 
Tris pH 8.0, 2.7 mM potassium chloride. TTBS is TBS plus 0.05% Tween-20. 

Microtiter Assay Plate Preparation: Ninety-six well microtiter immunoassay 
plates (PRO-BIND™, Falcon) were coated with 1 /ug/weW affinity-purified LB3.1 
monoclonal antibodies in PBS (100 /x\ total) for 18 hrs at 4°C. The wells were then 
blocked with TBS containing 3% BSA for 1 hr at 37 °C and washed three times with 
TTBS. Before sample addition, 50 ju\ of TBS/1% BSA is added to each well. 
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Binding reactions: Detergent-solubilized HI_A-DR1, -DR2 and -DR4 
molecules (0.5 ^g/sample) were incubated with biotinylated control peptides at 
various concentrations for 40 hours at 37°C in 50 ju\ of the binding buffer and 
transferred to prepared microtiter assay plates and incubated for 1 hr at 37 °C for 
5 capture of polypeptide-class II complexes. 

Inhibition reactions: Biotinylated polypeptides at a final concentration of 1.5 
jLiM in 50 jul of binding buffer were coincubated with unlabeled polypeptides as well 
as the peptides HA 306-318 (SEQ ID NO: 2) or MBP 84-102 (SEQ ID NO: 1), used 
10 as inhibitors, and HLA-DR molecules for 40 hr at 37°C. 

Detection of class ll/polypeptide complexes: Bound polypeptide-biotin is 
detected using streptavidin-conjugated alkaline phosphatase as follows. Plates 
were washed three times with TTBS and incubated with 100 of streptavidin- 
15 conjugated alkaline phosphatase (1:3000, BioRad) for 1 hr at 37 °C, followed by 
addition of p-nitrophenyl phosphate in triethanolamine buffer (BioRad). The 
absorbency at 410 nm is monitored by a microplate reader (Dynatech MR4000). 

RESULTS 

20 

Terpolymers Binding to Class II MHC Proteins 

Detergent-soluble HLA-DR1, HLA-DR2 and HLA-DR4 proteins were purified 
from homozygous EBV-transformed B cell lines LG-2 (DRB1*0101), MGAR 
(DRB1*1501) and Priess (DRB1*0401), respectively, as described previously by 

25 Fridkis-Hareli et al., 160 J. Immunol. 4386 (1998). Three different preparations of 
Copolymer 1 had bound to these molecules with high affinity. Id. To determine the 
affinity of the terpolymers for HLA-DR proteins, binding assays were carried out with 
biotinylated Terpolymers, and compared to Copolymer 1 . The polypeptides were 
incubated at a range of concentrations with purified HLA-DR1, HLA-DR2 and HLA- 

30 DR4 molecules at pH 5.0 followed by capture with class ll-specific mAb and 
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detection with alkaline phosphatase-streptavidin. 

Binding by TAL and Copolymer 1 to detergent-soluble HLA-DR1 and 
HLA-DR4 molecules is better than that of GAL, TGA or GTL. However, GTL and 
Copolymer 1 bound better than the other polypeptides to HLA-DR2, based on the 
saturation binding curves (Fig. 2A), and on values, calculated from the double- 
reciprocal plots of the binding data (Fig. 2B, Table 5). 

Competitive binding assays were carried out with biotinylated Copolymer 1 
and the following unlabeled inhibitors: Copolymer 1 , TAL, TGA, GAL, TGL, MBP 84- 
102 and HA 306-318 polypeptides (Fig. 3). The MBP 84-102 (SEQ ID NO: 1) 
peptide is a poor inhibitor of the binding of Copolymer 1 to HLA-DR2. The binding 
of biotinylated Copolymer 1 to detergent-soluble HLA-DR1 and -DR4 molecules is 
efficiently inhibited by unlabeled TGA, TAL, HA 306-318 (SEQ ID NO: 2) and 
Copolymer 1 . However, binding of biotinylated Copolymer 1 to detergent-soluble 
HLA-DR1 and -DR4 molecules is inhibited more than 10-fold less by TGL, as 
indicated by 50% inhibitory dosages (IC50) (Fig. 3, Table 5). Similarly, GAL is also 
a poor inhibitor of Copolymer 1 binding to HLA-DR1 and -DR4 molecules. In 
general, the binding pattern to HLA-DR2 is similar to that observed for HLA-DR1 
(Table 5). These results show that the polypeptides of three amino acids, in 
particular TAL and TGA bind to class II MHC molecules with an affinity range similar 
to that of antigenic peptides and of Copolymer 1 . Hence, TAL and TGA are effective 
competitors for the class II MHC molecules to which Copolymer 1 binds. Based on 
their binding capacity, the polypeptides could be arranged in the following order: 

(A) binding to HLA-DR1 : Copolymer 1 > TAL > GTL > TGA » GAL; 

(B) binding to HLA-DR2: Copolymer 1 > GTL > TAL > GAL > TGA; 

(C) binding to HLA-DR4: TAL > Copolymer 1 » TGA > GTL > GAL. 
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Table 5 

Affinity of the present polypeptides 
for purified human HLA-DR1, -DR2 and -DR4 molecules 

Polypeptide^ DRI^ DR2 DR4 









Kd 


ICso 




ICso 


Copolymer 1 


7.4 


8.8 


8.2 


10.1 


1.5 


10.8 


TAL 


2.0 


3.3 


1.7 


2.7 


2.0 


6.5 


GAL 


0.5 


5 


1.7 


5 


0.3 


5 


TGA 


1.0 


1.3 


0.8 


9.5 


0.8 


1.0 


TGL 


0.4 


43.0 


5.0 


25.4 


0.8 


43.0 



Effect of superantigens on the binding of polypeptides to IHLA-DR molecules 

Bacterial superantigens SEA, SEB and TSST-1 have been shown to inhibit 
Copolymer 1 binding to purified HI_A-DR molecules only at very high concentrations. 
Fridkis-Hareli et al., 160 J. Immunol. 4386 (1998). To examine the effect of these 
superantigens on the binding of Terpolymers to purified HLA-DR1, HLA-DR2 and 
HLA-DR4 molecules, competitive binding assays were carried out with unlabeled 



1 

Copolymer 1 polypeptides with average MW of 5,800; TAL, MW 20,000; 
GAL, MW 8,850; TGA, MW 7,600; and TGL, MW 1 1 ,050, were incubated at a 
range of concentrations with purified HLA-DR1 , -DR2 and -DR4 molecules at pH 
5.0 followed by capture with class ll-specific mAb and peptide detection with 
alkaline phosphatase-streptavidin. 

2 

Detergent-soluble HLA-DRt1_, -DR2 and -DR4 molecules were purified as 
described in Materials and Methods. 

3 

Kd, the dissociation constant at equilibrium, is calculated from the slope of 
the double reciprocal plot (Fig. 28), and is expressed as x 10'^ M. 

4 

IC50, inhibitory concentration giving 50% inhibition, is calculated based on 
the competitive binding assays (Fig. 3), and is expressed as x ^0~^ M. 

5 

IC50 values for GAL could not be determined exactly, but were less than 
1000 juM (see Fig. 3). 
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SEA, SEB andTSST-1. 

Binding of TAL to HLA-DR1, HLA-DR2 and HLA-DR4 is only inhibited by the 
superantlgens at high molar ratios of superantigen: for example, fifty times the 
amount of superantigen is needed to inhibit TAL binding (Fig. 4A). However, 
5 binding of TGA and GAL is inhibited more significantly by the superantlgens (Fig. 4B 
and C), indicating that these polypeptides bound the HLA antigens with lower 
affinity. 

EXAMPLE 6 

10 INHIBITION OF MBP-INDUCED T CELL PROLIFERATION 

This example illustrates that the proliferation of T cells which are normally 
activated by myelin basic protein (MBP) can be inhibited by simultaneous exposure 
to the present polypeptides. 

15 

METHODS 

Copolymer 1 

Copolymer 1 batches # 02095 and 55495, with average molecular weights of 
6000 Da and 5800 Da, respectively, were obtained from Teva Pharmaceutical 
20 Industries (Petach Tikva, Israel). 

Myelin Basic Protein Peptides whteh were synthesized on an Applied 
Biosystems Peptide Synthesizer using solid phase techniques. Barany et al.. The 
Peptides 1 (1979). Peptides purified by reversed-phase HPLC. The peptides used 
25 were HA 306-318, having the sequence PKYVKQNTLKLAT (MW 1718)(SEQ ID NO: 
2), and MBP 84 102, having the sequence DENPWHFFKNIVTPRTPP (MW2529) 
(SEQ ID NO: 1). 

Terpolymers 

30 GAL, TGA, TAL, GTL and control polypeptides are as described above under 
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Example 3. 



T cell lines and clones 

Myelin Basic Protein (MBP) specific T-cell lines originated from spleens of 
5 mice which, ten days earlier, were immunized with 20 A^g of the 84-102 peptide of 
MBP emulsified in complete Freund's adjuvant supplemented with 4 mg/ml of 
Mycobacterium tuberculosis H37Ra. Cells were cultured and selected in vitro using 
the immunizing antigen (0.2-1 mg/plate), in culture medium (RPMI, 2 mM glutamine, 

1 mM sodium pyruvate, non essential amino acids, 5 xlO'^ M 2-mercaptoethanol, 
10 100 /^/ml penicillin, 100 A^g/ml streptomycin), supplemented with 1% autologous 

serum. After 4 days, cells were transferred to culture medium containing 10% FCS 
and supplemented with 10% supernatant of Con A activated normal spleen cells as 
T cell growth factor (TCGF). Every fourteen to twenty one days, cells were 
stimulated by exposure to the immunizing antigen presented on syngeneic irradiated 
15 (3000 rad) spleen cells (50 x 10®/plate) for 3 days, followed by propagation in TCGF 
medium. Cloning of T cell lines is performed by limiting dilution at 0.3 cells/well in 
microliter plate in the presence of the antigen (2-10 /^g/well) and irradiated 
syngeneic spleen cells (5 x1 Orwell). 

20 Human T cell lines were derived from peripheral blood mononuclear cells 

according to Teitelbaum et al., 89 Prog. Natl. Acad. Sci. USA 137 (1992). 
Approximately 5 x 10® cells were incubated in each well of a 24-well culture plate with 
Copolymer 1 or MBP (50 /^g/ml) in culture medium supplemented with 10% heat- 
inactivated autologous serum. After 7 days of culture, the cells were transferred to 

25 culture medium containing 10% fetal calf serum and recombinant human interleukin 

2 (20 units/ml). The cells were grown continuously in this medium with periodic 
exposure to antigen presented on irradiated (3000 rad), autologous mononuclear 
cells, every 14-18 days. 

30 Proliferation assay 
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Cells of T lines or clones were tested for their specific proliferative response 
10-21 days after antigenic stimulation. T Cells (1 .5 x 10^) were cultured in triplicates 
with 5 X 10^ irradiated spleen cells and with the indicated antigens in a final volume of 
0.2 ml in 10% FCS culture medium. At the end of 48 hr incubation, cultures were 
pulsed with 1 AiCipH]-thymidine (standard deviation <20% of the mean cpm), and 
harvested 6-1 2h later. 



Inhibition studies 

Inhibition of the T-cell proliferative response is studied by adding various 
concentrations of Copolymer 1 and Terpolymers plus the stimulating MBP antigen to 
the proliferation assay system. Inhibition is calculated as percent inhibition using 
equation 2: 



% Inhibition = [1 - (cpm with inhibitor / cpm without inhibitor)] X 100. 



RESULTS 

Figure 1 illustrates how copolymer 1 and terpolymers effect the proliferation of 
T cells which are specific for certain myelin basic protein (MBP) peptides. In 
general, T cells proliferate when exposed to the antigen to which they were 
sensitized. Thus, MBP and, in particular, certain antigenic peptides from MBP 
stimulate the proliferation of MBP-specific T cells. 

Copolymer 1 and Terpolymers did not stimulate proliferation of T cells which 
were specific for the 84-102 peptide of MBP. Instead, they significantly inhibited the 
proliferation of T cells exposed to this MBP antigen. 

TAL exhibited the most efficient inhibition of proliferation in T cells specific for 
the MBP 84-102 antigen. Inhibition by TAL is even greater than that provided by 
Copolymer 1 . TGA induced lower inhibition of T cell proliferation. GAL and GTL 
inhibited T cell proliferation in a dose responsive manner similar to Copolymer 1 . 
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EXAMPLE 7 
TERPOLYMERS ARE RECOGNIZED 



BY SOME COPOLYMER 1 -SPECIFIC T CELLS 



5 Terpolymers can stimulate some Copolymer 1 -specific T cell lines to 

proliferate and secrete the cytokine, IL-4. 

METHODS 

Copolymer 1 

10 Copolymer 1 batches # 02095 and 55495, with average molecular weight of 

6000 Da and 5800 Da, respectively, were obtained from Teva Pharmaceutical 
Industries (Petach TIkva, Israel). 

Myelin Basic Protein Peptides which were synthesized on an Applied 
15 Biosystems Peptide Synthesizer using solid phase techniques. Barany et al., The 
Peptides 1 (1979). Peptides purified by reversed-phase HPLC. The peptides used 
were HA 306-318, having the sequence PKYVKQNTLKLAT (MW 1718) (SEQ ID 
NO: 2), and MBP 84 102, having the sequence DENPWHFFKNIVTPRTPP (MW 
2529) (SEQ ID NO: 1). 

20 

Terpolymers 

GAL, TGA, TAL, GTL and control polypeptides are as described above under 
Example 3. 

25 T cell lines and clones 

Mouse T cell lines and clones were established according to Aharoni et ai., 
23 Eur. J, Immunol. 17 (1993); Aharoni et al., 94 Prog. Natl. Acad. Sci. USA 10821 
(1997). Copolymer 1 specific lines were originated from spleens of mice which, 15 to 
35 days earlier, had been rendered unresponsive to EAE by subcutaneously 

30 injecting each mouse with 5-10 mg Copolymer 1, emulsified in incomplete Freund's 
adjuvant (Difco). Alternatively, Copolymer 1 specific lines were obtained from the 
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lymph nodes of mice which had been immunized ten days earlier with 200 peg 
Copolymer 1 emulsified in complete Freund's adjuvant (Difco) supplemented with 
4 mg/ml of Mycobacterium tuberculosis H37Ra (Difco). 

Copolymer 1 -specific T cell lines were used and T cell clones LN-1 , LN-2, S- 
3, 5-22-5, C-14, and C-52. The LN-2 antibodies were derived from lymph nodes of 
(SJL/J X BALB/c) Fi mice injected with Copolymer 1 in CFA. The 5-22-5 antibodies 
were obtained from spleens of (SJLVJ x BALB/C) F^ mice injected with Copolymer 1 
in CFA, according to Aharoni et a!., 23 Eur. J. Immunol. 17 (1993); Aharoni et al., 
Prog. Natl. Acad. Sol USA 10821 (1997). 

Human T cell clones were derived from peripheral blood mononuclear cells 
according Teitelbaum et al., 89 Prog. Natl. Agad. Sci. USA 137 (1992). 
Approximately 5x10^ cells were incubated in each well of a 24-well culture plate 
with Copolymer 1 or MBP (50 //g/ml) in culture medium supplemented with 10% 
heat-inactivated autologous serum. After 7 days of culture, the cells were 
transferred to culture medium containing 10% fetal calf serum and recombinant 
human interleukin 2 (20 units/ml). The cells were grown continuously in this medium 
with periodic exposure to antigen presented on irradiated (3000 rad), autologous 
mononuclear cells, every 14-18 days. The C-52 T-cell clone was derived from a 
DR7,w1 1 donor, also according to Teitelbaum et al., 89 Prog. Natl. Acad. Scl USA 
137 (1992). 

Proliferation assay 

Cells of T lines or clones were tested for their specific proliferative response 
10-21 days after antigenic stimulation. T Cells (1 .5 x 10"^) were cultured in triplicates 
with 5 X 10^ irradiated spleen cells or with human EBV-transformed B cells (5x1 0"^), 
and with the indicated antigens in a final volume of 0.2 ml in 10% FCS culture 
medium. At the end of 48 hr incubation, cultures were pulsed with 1 /^CipH]- 
thymidine and then harvested 6-12 hr later. The variations of triplicates from their 
mean were under 20%. 
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cell line cross-reacted only with TAL. No cell lines cross reacted with GTL or with 
AGT (1:1:1) which has the same amino acids as TGA but in a different mole fraction 
than TGA or Copolymer 1 . 

Table 6 

Cross reactivity of Terpolymers 
with Copolymer 1 for Copolymer 1 specific T-cell lines and clones 



I. Murine T-cell lines and clones 





Cross reactivity with Copolymer 1 (%) 


T-cells 


LN 


-3 


S-3 


LN-1 


S-22-5 


Polypeptide 


pro!* 


IL-4* 


pro!* 


IL-4* 


prol* 


IL-4* 


prol* 


IL-4* 


SD-1689-GAL 


130 


139 


49 


11 


0 


1 


0 


0 


SD-1690 - TGA 


3 


6 


102 


107 


0 


1 


0 


0 


SD-1691 - TAL 


3 


7 


2 


3 


64 


120 


0 


0 


SD-1697 - GTL 


2 


4 


12 


6 


0 


1 


0 


0 


1:1:1 AGT 


2 


0 


2 


2 


1 


0 


2 


OT 



*prol = as measured by proliferation. *IL-4 = as measured by lnterleukin-4. 



II. Human T-cell Clones 





Cross reactivity with Copolymer 1 (%) 


T-cells 


C-14 


C-52 


Polypeptide 


proliferation 


proliferation 


SD-1689-GAL 


4 


75 


SD-1690 -TGA 


1 


58 


SD-1691 - TAL 


0 


0 


SD-1697 -GTL 


0 


5 
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EXAMPLE 8 

TERPOLYMERS CROSS-REACT WITH ANTI-CQPOLYMER 1 ANTIBODIES 



Antibodies directed against Copolymer 1 cross-react with Terpolymers which 
lack either tyrosine, glutamic acid or alanine. However, Terpolymers lacking lysine 
are not recognized efficiently by anti-Copolymer 1 antibodies. 

Antibodies 

Mouse anti-MBP and anti-Copolymer 1 monoclonal antibodies were obtained 
by fusion of MBP- or Copolymer 1 -immunized spleen cells from SJL/J mice, with the 
NSO/1 murine plasmacytoma cell line. Teitelbaum et al., Proc. Natl. Acad. Sci. USA 
9528 (1991). 

Radioimmunoassay 

Flexible plastic microtiter plates were coated with Copolymer 1 or 
Terpolymers (2 /^g/ml). After 16 hr incubation at room temperature, plates were 
washed three times and saturated for 2 hr with PBS containing 2% bovine serum 
albumin, 0.05% Tween 20, 0.1% sodium azide, 10 mM EDTA, and heparin at 
5 units/ml ("PBS buffer"). Monoclonal antibody supematants (50 jul), were added to 
the wells for a 2 hr incubation, and the wells were washed again with PBS buffer, 
^^^l-labeled goat anti-mouse Fab antibodies (1x10^ cpm/well) were added for 
overnight incubation at 4°C. After extensive washing, radioactivity is measured in a 
gamma counter. 

IVIethods 

ELISA Assay for Antibody Cross-Reactivity 

A standard ELISA assay is employed using anti-Copolymer 1 polyclonal 
antibodies and microtiter plates coated with 2 jug/m] of terpolymer preparation. 
Copolymer 1 

Copolymer 1 with the following amino acid composition is obtained from Teva 
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Pharmaceutical Industries (Petach Tikva, Israel). 

Amino Acid Molar Fraction 

L-glutamic acid 0.141 
L-alanine 0.427 
L-tyrosine 0.095 
L-lysine 0.338 

Terpolymers 

The four Terpolymers of Example 1 were used. 
Results 

Table 7 indicated that anti-Copolymer 1 polyclonal antibodies cross react with 
Terpolymers which lack either tyrosine, glutamic acid or alanine. The relatively high 
percentage binding of the terpolymers lacking glutamic acid (TAL) might be 
explained by its high average molecular weight. Terpolymers which lack lysine are 
not efficiently recognized by anti-Copolymer 1 antibodies. These data suggest that 
charged amino acids like lysine may play a role in the recognition and binding of 
Copolymer 1 and Terpolymers. 



Table 7 







Percent Binding 
in separate experiments 






Terpolymers 


MW* 


1 


2 


3 


3 


IVIean 


S.D. 


TAL 


20,000 


111.1 


130.1 


115.8 


114.0 


117.8 


8.48 


GAL 


8,850 


7.5 


10.8 


9.3 


9.2 


9.2 


1.35 


GTL 


11,050 


98.7 


87.0 


n.d.* 


n.d.* 


92.9 


8.30 


TGA 


7,600 


87.9 


79.3 


n.d.* 


n.d.* 


83.6 


6.12 



* daltons. * n.d. - not determined. 
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Cross reactivity of Terpolymers with 
Copolymer 1 -reactive monoclonal antibodies 

The cross reactivity of the Terpolymers with Copolymer 1 at the level of B cell 
response is tested using monoclonal antibodies (mAbs), that are either reactive with 
both Copolymer 1 and MBP (mAbs 2-2-18 and 3-1-45), or are reactive with only 
Copolymer I (mAbs 3-3-9 and 5-7-2). See Teitelbaum et al.. 88 Proc. Natl. Acad. 
Sci. USA 9528 (1991). 

Table 8 illustrates that the Terpolymers differed in their ability to bind these 
mAbs. TGA and GTL were not recognized by any of the Copolymer 1 specific 
mAbs. On the other hand, TAL and GAL bound to Copolymer 1 and MBP specific 
mAbs with an affinity which is similar to that of Copolymer 1 . GAL and TAL differed 
only in the binding to one mAb i.e. 5-7-2 which bound to TAL and not to GAL. 



Table 8 

Cross reactivity of Terpolymers 
with MBP- and Copolymer 1 -reactive B cell antibodies 





Cross reactivity with Copolymer 1 (%) 


Antibody 
Polypeptide 


2-2-18 


3-1-45 


3-3-9 


5-7-2 


SD-1689-GAL 


96 


98 


107 


10 


SD-1690-TGA 


3 


2 


1 


10 


SD-1691 - TAL 


96 


98 


103 


106 


SD-1697-GTL 


1 


2 


1 


1 



2- 2-18 is anti mouse MBP monoclonal antibody cross reactive with Copolymer 1 

3- 1-45 is anti Copolymer 1 monoclonal antibody cross reactive with MBP 
3-3-9 is anti Copolymer 1 monoclonal antibody non cross reactive with MBP 
5-7-2 is anti Copolymer 1 monoclonal antibody non cross reactive with MBP 
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EXAMPLE 9 



COPOLYMER 1 AND TERPOLYMERS COMPETE 
WITH COLLAGEN FOR BINDING TO HUMAN LEUKOCYTE 
ANTIGENS AND INHIBIT COLLAGEN-SPECIFIC T-CELL RESPONSE 

This example illustrates that Copolymer 1 , TAL, GAL, GTL, and TGA compete 
for binding to MHC proteins with the rheumatoid arthritis-associated 
immunodominant collagen antigen, Gil 261-273 (SEQ ID NO: 3). 

Methods 

Protein Expression and Purification 

Recombinant HLA-DR1 and HLA-DR4 molecules (encoded by DRA/DRB I 
*0101 and *0401, respectively) were expressed in Drosophila S2 cells as described 
in Stern, L. et al. 68 Cell 465 (1992) and Dessen, A. et al. 7 Immunity 473 (1997). 
Cells were grown in roller bottles at 26°C in Excel! 401 medium (Sigma, St. Louis, 
MO) supplemented with 0-5% fetal bovine serum (Sigma). Cells were induced by 
addition of CUSO4 to t- 1_mM final concentration, then incubated an additional 4-5 
days. Immunoaffinity purification of recombinant HLA-DR1 and HLA-DR4 is 
performed as previously reported by Stern, L. et ai. 68 Cell 465 (1992) and 
Dessen, A. et al. 7 Immunity 473 (1997). Supernatant from harvested cells is 
sequentially passed through Protein A, Protein G and Protein A-LB3.1 columns, 
followed by elution of the bound HLA-DR with 50 mM 3cyclohexylamino-1 -propane 
sulfonic acid (CAPS), pH 1 1 .5, and neutralized with 200 mm phosphate (pH 6.0). 
The eluate is concentrated on a Centriprep 10 membrane (Amicon). Protein 
concentrations were determined by bicinchoninic acid assay (Pierce Chemical Co.). 

Polypeptide labeling 

The present polypeptides and the HA 306-318 peptide were biotinylated as in 
Examples 4 and 7. 

Class II MHC protein binding assay 
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In this assay, water-soluble recomblnantly-produced proteins were incubated 
with biotinylated polypeptides of the present Invention and varying quantities of 
unlabeled competitor polypeptides, collagen Cll peptides or influenza virus HA 
peptides. Assays were performed in 96-well microliter immunoassay plates (PRO- 
BOND™, Falcon) which were coated with affinity-purified LB3.1 monoclonal 
antibodies. Antibody coating is performed by placing 100 /J of 10.0 ywg/ml LB3.1 
monoclonal antibodies in each well and incubating at 4°C for 18 hrs. Microtiter wells 
were then blocked with Tris buffered saline (TBS) containing 3% bovine serum 
albumin (BSA) for 1 hr at 37°C and washed three times with TTBS. Before sample 
addition, 50 Ail of TBS containing 1 % BSA is added to each well. Phosphate 
buffered saline (PBS) is 150 mM sodium chloride, 7.5 mM sodium phosphate 
dibasic, 2.5 mM sodium phosphate monobasic, pH 7.2. Tris buffered saline (TBS) is 
137 mM sodium chloride, 25 mM TRIS pH 8.0, 2.7 mM potassium chloride. TTBS is 
TBS with 0.05% Tween-2G. Other solutions used in this assay are described in 
Fridkis-Hareli, M. et al., 160 J. Immunol. 4386 (1998). 

Binding analysis is performed by incubating the water soluble DR molecules 
with biotinylated polypeptides of the present invention and varying concentrations of 
unlabeled inhibitors (Copolymer 1 , TAL, GAL, GTL, TGA, Collagen Cll 261-273 
peptide or HA 306-318 peptide). The collagen type Cll peptide 261-273, has SEQ 
ID NO: 3 (AGFKGEQGPKGEP) and a molecular weight of 1516. The concentration 
of DR employed is 0.15 //M. The final concentration of biotinylated Copolymer 1 or 
terpolymers is 1.5 mM. Incubation is for 40 hr at 37°C in 50 iu\ binding buffer at pH 
5.0. 

Bound label is detected using streptavidin-conjugated alkaline phosphatase 
as follows. Plates were washed three times with TTBS and incubated with 100 fx\ of 
streptavidin-conjugated alkaline phosphatase (1:3000, BioRad, Richmond, VA) for 1 
hr at 37°C, followed by addition of p-nitrophenyl phosphate in triethanolamine buffer 
(BioRad). The absorbency at 410 nm is monitored by a microplate reader (model 
MR4000, Dynatech, Chantilly, VA). 
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T cell hybridoma and antigen presenting cell (APC) binding assays 

Copolymer 1 and Terpolymers were tested to ascertain if they could inhibit 
activation of T cells responsive to the collagen CM peptide. Mouse DR1 -restricted 
3.19 and 19.3 T cell hybridomas and mouse DR4-restricted 3838 and D3 T cell 
5 hybridomas were used. Roslonlec, E. F., et al., 185 J.-Exp. Med. 1113-1122 
(1997); Andersson, E. C, et al., Proc. Natl. Acad. Sci. USA (1998). Antigen 
presenting cells (APCs) were L cells transfected with DR1 (the L57.23 cell line 
provided by Rosloniec, E. F., etal., 4097t 185 J. Exp. Med. 1113-1122 (1997)), L 
cells transfected with DR4, and Priess cells (DRB1*0401/DRB4*0101). T cell 

10 stimulation experiments were performed in 96-well microliter plates in a total volume 
of 0.2 ml. Irradiated (3000-rad) APC (2.5 x 10^/well) were coincubated with Cll 261- 
273 (40 Aig/ml) and varying concentrations of the present polypeptides for 2 hr at 
37°C, then T cells (5 x lOVwell) were added and the incubation is continued for 24 
hr at 37°C. Supernatants (30 were removed and incubated with IL-2 dependent 

15 CTL-L (5 X lOVwell) for 12 hr, followed by labeling with ^H-thymidine (1 A^Ci/well) for 
12 hr. Plates were harvested and the radioactivity is monitored using a 1450 
microbeta Plus liquid scintillation counter (Wallac, Gaithersburg, MD). 

RESULTS 

20 Class II MHC protein binding assay 

The recombinant water-soluble HLA-DR1 and -DR4 proteins produced in 
insect cells were largely free of bound autoantigens or other peptides. Hence, data 
obtained from insect cell produced proteins can more accurately indicate the actual 
binding affinities for polypeptides. Fridkis-Hareli et aL, 160 J. Immunol. 4386 (1998) 

25 (the entire contents of which are hereby incorporated herein by reference). 

Competitive binding of each of the Copolymer 1 and Terpolymers to 
HLA-DR1, HLA-DR2 and HLA-DR4 molecules is depicted in Figure 5. Binding of 
each of the Copolymer 1 (YEAK, top panel Fig. 5A) and Terpolymers is substantially 
greater than that of the Cll 261-273 (SEQ ID NO: 3) peptide, as judged by quantity 

30 of Cll 261-273 (SEQ ID NO: 3) peptide required for 50% inhibition. As also 
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observed above, TAL bound HLA-DR1 and HLA-DR4 with greater affinity than did 
Copolymer 1. The kinetics of inhibition by unlabeled TAL (YAK, bottom panel Fig. 
5A) polypeptides were also somewhat superior to that of the influenza virus peptide 
HA 306-318 (SEQ ID NO: 2). However, the influenza virus peptide HA 306-318 
5 inhibited the binding of Copolymer 1 and of Terpolymers more efficiently than the Cll 
261-273 peptide. 

T cell Hybridoma and antigen presenting cell binding assay results 

Copolymer 1 and Terpolymers also inhibited DR1 -restricted T cell activation 
10 by Cll collagen peptide (Fig. 6). T cell activation was detected by observing IL-2 
production by DR1-restricted-CII-specific T cell hybridomas. Collagen peptide Cll 
261-273 (SEQ ID NO: 3) at varying concentrations was coincubated with one of the 
present polypeptides and then T cells (clone 3.19 or 19.3 as indicated) were added, 
and the mixtures were further incubated. The supernatants from these incubated 
15 cells are removed, and were assayed for IL-2 by observing whether the supernatant 
induced proliferation of IL-2-dependent cytotoxic T lymphocytes (CTL-L). The extent 
of inhibition by TAL is shown as solid circles (•), by TGA as solid triangles (A), by 
GTL as open triangles (A), and by Copolymer 1 as solid squares (■). Percent 
inhibition of CTL-L proliferation shown on the ordinate was calculated using equation 
20 It. 

Again, TAL is the most potent inhibitor. However, GTL and Copolymer 1 were 
also potent inhibitors of T cell activation by the Cll collagen peptide. TGA inhibited 
activation less efficiently. Similar results were obtained with other batches of 
Copolymer 1 and Terpolymers. 

25 A similar inhibition of activation of DR4-restricted T cells was observed, as 

shown in Figure 7. lL-2 production was used to assess activation of DR4-restricted 
Cll-specific T cell hybridomas (3838 and D3). The presence of different 
polypeptides inhibited IL-2 production, indicating that they inhibited DR4-restricted T 
cell activation. Fig. 7A shows the effects of coincubating irradiated 3838 or D3 

30 Priess cells with collagen peptide Cll 261-273 (SEQ ID NO: 3) at the fixed 



concentration of 40 yug/ml, and with varying concentrations of polypeptides, for 2 hr 
at 37°C. Fig. 7B shows the effects of incubating L cells transfected with a gene 
encoding HLA-DR4 with collagen peptide CI! 261-273 (SEQ ID NO: 3) at the fixed 
concentration of 40 yug/ml, and with varying concentrations of GAL, TAL,GTL, TGA, 
and Copolymer 1 , for 2 hr at 37°C. T cells were then added (clones 3838 or D3 as 
indicated), and samples were further incubated for 24 hr at 37 °C. Supernatants (30 
Ail) were then removed, and were assayed for activation by IL-2-induced proliferation 
of IL-2-dependent cytotoxic T lymphocytes (CTL-L). Each polypeptide mixture was 
tested in duplicate. The concentration of the present polypeptides is indicated on 
the abscissa. The extent of inhibition by TAL is shown as solid circles (•), by TGA 
as solid triangles (A), by GTL as open triangles(A), and by Copolymer 1 as solid 
squares (■). Percent inhibition of CTL-L proliferation shown on the ordinate was 
calculated using equation 1. 

EXAMPLE 10 

COPOLYMER 1 SEQUENCE MOT I FS 
Wl I I CI I B I ND TO H LA - DR1 , I I LA - DR2 AND H LA - DR4 MOLECULES 

M e thods 

Prot ei n Expr e ss i on and Pur i ficat i on 

R e combinant H LA - DR1 and I I LA - DR4 mo l ecu l es (encoded by DRA/DR B I 
*0101 and *0401, respective l y) w e re expr e ssed i n Drosophilo S2 ce ll s as described 
in Stern, L. et al. 68 Cell 4 65 (1002) and DcoGcn, A. et al. 7 I mmun i ty 4 73 (1007). 
C e l l s were grown in ro ll er bott l eo at 26°C i n Exce l l 401 medium (S i gma, St. Louio, 
MO) suppl e mented w i th 0 - 5% feta l bovine serum (Sigma), Ce ll s were induced by 
addition of CuSO^ to 1 mM fina l concentrat i on, then i ncubated an addit i onal 4 5 
days. Immunoaffin i ty purificat i on of recombinant HLA - DR1 and I I LA - DR4 i o 
performed ao previous l y reported by Stern, L. et al. 68 Cell ^65 (1002) and 
DoGGon, A. et a l . 7 Immun i ty 4 73 (1007). Supernatant from harvested ce ll o i o 
sequenfia ll y passed through Prote i n A, Prote i n C and Prote i n A - LD3.1 co l umns, 
fo ll ow e d by elufion of th e bound I I LA - DR with 50 mM 3cyclohexylam i no - 1 propane 
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sulfon i c acid (CAPS), p H 11. 5, and noutra li zGd with 200 mm phosphat e (p H 6.0). 
The c l uat e i s concentrated on a C e ntr i pr e p 10 m e mbran e (Amicon). Prot ei n 
conc e ntrat i ons were det e rm i ned by bicinchon i n i c ac i d assay (P ie rc e Ch e m i ca l Co.). 



5 B i nd i ng and Quant i fying Bound Po l yp e pt i d e 

Copo l ym e r 1 i s i ncubat e d w i th wat e r - so l ubl e H LA-DR1, - DRZ or ■ DR4 
mol e cul e s at a mo l ar rat i o of 1 :1 for 40 hr at 37°C. Unbound Copo l ym e r 1 i s 
s e parat e d from bound Copo l ym e r 1 by C e ntr i con u l trafi l trat i on. B ound Copo l ym e r 1 
i s th e n e xtract e d from th e HI- A - DR comp le x by ac i d tr e atm e nt (Ch i cz, R. e t a l . 178 

10 J. Exp. Meid. 27 (1003)) and oubjoctcd to am i no acid ana l ys i G. 

For HPLC s e paration and m i cros e qu e ncing aft e r el ut i on, approx i mat el y 
5 - 10% of th e Copo l ym e r 1 m i xtur e s ar e fract i onat e d by m i crobor e , H PLC us i ng a 
Zorbax C^ 1.0 mm r e v e rs e- phas e co l umn on a He w le tt - Packard 1090 H PLC w i th 
1 040 diod e array d e t e ctor. At a flow rat e of 54 /^ l /min, Copo l ym e r 1 is el ut e d w i th a 

15 grad ie nt of 0.055% trifluoroacetic ac i d (TFA) i n acoton i tr il c (0% at 0 - 10 min, 33% at 
73 m i n and 60% at 105 m i n). Strat e g ie s for p e ak el e ct i ons, rev e rse phase 
s e paration and Cdman micros e qu e ncing w e r e p e rform e d as in Ch i cz e t a l . 178 J. 
Exp. Med. 27 (1003), and Lano, W. ota l . 10 J. Prot. C ii CM. 151(1001). 

20 Structural Charact e r i zat i on of Bound Copolym e r 1 

fract i onation of Copolymer 1 bound to human I I LA - DRI , H LAi - DR2 or 
I I LA - DR4 mo l ecu l es from homozygous EDV - transformed D cell l i nes, ind i cated that 
n e arly al l of the bound Copo l ymer 1 was found i n th e high average mo l ecu l ar we i ght 
fract i ons and l ess than 10% of bound Copo l ym e r 1 was i n th e low e r average 

25 mo l ecu l ar w ei ght fract i ons. 

To character i z e th e hydrophobicity and s i ze of Copolymer 1 bound to isolated 
r e combinant H LA mo l ecu l es, bound and unbound Copolym e r 1 samp l es are 
s e parat e d on r e v e rse phase H PLC us i ng an ac e tonitr ile grad ie nt. Contro l , untr e ated 
Copolym e r 1 el ut e s as a v e ry broad p e ak w i th s e v e ra l sma lle r p e aks, wh i ch spread 

30 b e tw ee n approx i mat el y 40 and 75 m i n e lut i on t i me. This e l ution prof i le i s 
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charact e r i at i c of a mixture of random po l ypept i des and reaomb l es H PLC s e parat i ons 
of other batches of Copolymer 1 . Simi l ar profiles were obtained when Copolymer 1 
was elutcd from I ILA DR1 , I I 1-A - DR2 or I I LA - DR4 mo l ecules, ind i cating that the 
bound fract i on is s i m i lar to the or i g i na l Copo l ymer 1 pr e paration i n i ts chem i ca l 
5 prop e rt ie s. 

At l east 05 % of the added Copolymer 1 mo l ecul e s arc observed in the 
fraction bound to i solated I ILA - DR1 proteins; sim i larly, at l east 05 % of the added 
Copolymer 1 molecul e s are obs e rv e d in th e fract i on bound to i so l at e d 1 I LA - DR4 
prote i ns. H ow/ever, 80% of the added Copolymer 1 mo l ecu l es arc bound to 
10 I l l_A - DR2 proteins. Copo l ymer 1 e luted from the I I LA comp l cxeo w i th had a ratio of 
amino acids tyros i ne: g l utamic acid: a l anine: lysine wh i ch was sim il ar to that of 
control untreated Copo l ymer 1 . These resu l ts indicat e that the bound fraction of 
Copo l ymer 1 had an amino acid composit i on li ke that of the bound/unbound m i xture 
and that the popu l ation of Copolymer 1 mo l ecu l es exh i bited litt l e or no preferent i al 
15 b i nd i ng to different HLA - DR proteins. 

To analyze the acqucnco of Copolymer 1 that bound to each of I I LA DR1 , 
- DR2 and DR4 mo l ecu l es, I I PLC fractions obtained above were poo l ed submitted 
to automated Edman degradat i on on a I Icwiett Packard C100GA (Palo A l to, CA) 
prot ei n sequencer using the manufacturer's Rout i ne 3.5. 
20 for each I I LA - DR protein, the bound copo l ymer had a random distribution of 

the four amino acid which corresponded to the input molar ratios of amino acids 
used for making Copo l ymer 1 . A l an i ne was found at significantly h i gher leve l s 
compared to glutamic ac i d, tyrosine and lysine, as is expected from the init i a ll y 
higher molar ratio of alan i ne i n Copolymer 1. No sequence specificity or preferent i al 
25 position i ng of any of the amino acids of Copolymer 1 was observed, ind i cating that 
the bound fract i on was a l so random and sim il ar to the unfract i onated Copolymer 1 
pr e parat i on. 

CharactGrizotion of B ound and Unbound Copo l ym e r 1 Cp i topoo 

30 Anti - Copolymcr 1 po l yclona l antibod i es were used to determ i ne whether the 
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Copolymer 1 fractions clutcd from each of the I ILA - DR molocu i co conta i nGd the 
e pitopes found i n control untreated Copolymer 1 . Crooo reoctivity between 
Copolymer 1 and various eluted fract i ons was detected by direct CL I SA assay us i ng 
b i otiny l ated ant i- Copolymcr 1 polyclona l ant i bodies. Copo l ymer 1 or Copo l ymer 1 

5 fractions were di l uted to 0.4 ^^g/m\ and 2.0 jug/ml and 100 Mg/we ll was p l ated i n 

dupl i cate on a 9 G- wel l m i crotitcr immunoassay p l at e (PRO B I ND™, falcon. Lincoln 
Park, NJ), incubated for 1 hr at 37°C and washed three t i mes with TDG containing 
0.05% Twcen - 20. The wel l s were then b l ocked w i th TDG containing 3% PSA, 
fol l owed by addition of biotinylated ant i- Copolym e r 1 antibodies (at a dilut i on of 

10 1:5000, 100 mI/wc II ). Ant i body l i gand comp l exes were detected us i ng 

streptavid i n conjugated alkaline phosphatase (at a dilution of 1:3000, DioRad ) and 
p - nitrophenyl phosphate in triethanolamine buffer (DioRad; I lercu l es, CA). The 
absorption aXA^O nm was mon i tored by a microplate reader (Dynatcch MR1000). 
The ant i body bind i ng assays showed that all the fract i ons were s i milarly 

15 r e cognized by ant i copo l ymer antibodies, suggest i ng that these bound 

l i etcropolymer fract i ons shared similar or identical epito p es w i th eacl i other and with 
control Copolymer 1 . 

C h aracterization of Copolymer 1 - HLA b i nding motifo 

20 When bound, the Ml IC c l asH II protein protects the Copolymer 1 b i nding s i te 

fio m pept i dase d i gestion. To obtain the am ino acid oeque i i c c(3) of the b i nding 
3 i t e (5) with i n Co po lymer 1 for I I LA PR molecu l es, 1 mM C o polymer 1 wos 
ae p a i a lcl y i n cubated mlh 100 p.m of c a Ji lypc of I I LA BR molecu l e i n a volume of 
10 jul PPG for 40 hours at 37"C, oo that the molar ratio of Copoly m er 1 to I I LA BR 

25 was 10:1. Tw o units of aminopcptidase I wus added to t l ic react i on for the last 18 hr 
o r i nc u b ation. Am i n upc ptidasc I i s a inc talloprotei ii is o lated from Strcptomycoo 
gmcuj ( C pungin ct ol. 2 0 3 J. DiQC i iCM A7^ (1080)) and is avai l able from Sigma 
Ch e micals. Gt. Louis, MO. Aminopcpt i dase 1 removes the am i no term i nal ends of 
C op olymer 1 whic l i protrude from the I I LA BR niul ccu l cs, and Ji yc u l s the rema i n i ng 

30 unbound Copo l ymer 1 (Mouritacn et a l . U P J. I mmuhol. 10 0 7 (1002); Larocn et al. 
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18 4 J. Exp. Mcd. 183 (1006)). Subsoquont d i gest i ons of Copo l ymer 1 w i th 
am i nop e pt i das e ar e p e rform e d in vo l um e s scal e d up by a factor of tw e nty-forty fold, 
for e xamp le . 300 ti \ of hetcropo l ymcr d i gested w i th 6 0 of am i nopcpt i dase. 
Sampl e s ar e sp i n - conc e ntrat e d to a f i na l vo l um e of approx i mat el y 100 iu \ us i ng 
5 C e ntr i con 10 u l trafi l trat i on d e v i c e s. 

The Copo l ymer l -H LA - DR comp le x e s and the unbound Copo l ymer 1 were 
analyz e d by SDS - PAGE, us i ng a NOVEX mini - ce ll e le ctrophores i s system, a 10% 
acry l am i d e s e parating g el and a 5% acrylam i d e stacking g e l. Th e Copo l ymer 1 - 
H LA - DR1 compl e x e s w e r e run und e r non - r e ducing cond i tions for 1 hr at 200 V, 
10 sta i ned w i th Coomass i e Bri ll iant B l u e , fixed for 3 hr i n 10% methano l /10% acet i c 
ac i d and dr i ed on Ce ll ophane paper (B i oRad) at 25°C. The Copo l ymer 1 -1 I LA DR 
comp le xes were found to be res i stant to SDS - mediated dissoc i ation, forming h i gher 
mo l ecu l ar we i ght compl e x e s w i th I I LA-DR1 aP hetcrod i m e rs, and were obs e rved as 
numerous bands on the polyacry l am i de ge l w i th mo l ecu l ar we i ghts greater than 50 
15 kD, i nd i cating that the Copolymer 1 -1 I LA - DR comp l exes were protected. 

Am i nopeptidase I treatment resu l t e d in unbound Copolymer 1 appearing ao a smear 
i n the lower part of the ge l , ind i cating that it was complet el y digested by the enzyme. 

Tractions conta i n i ng the peaks of Copo l ymer 1 - HLA - DR complexes were 
s e lected i n the reg i on between approx i mate l y 40 and 75 min e l ution time for each 
20 class of H LA - DR comp l ex to obta i n the sequ e nce of the b i nd i ng motifs. Bound, 

d i gested Copolymer 1 po l ypeptides, which lack the protruding N term i n i , are elutcd 
from I I LA - DR by addition of acet i c ac i d (10%) and i ncubation at 70°C for 15 m i n, 
fol l owed by u l trafiltrat i on and vacuum concentrat i on in a SpeedVac (Savant 
I nstrumento, Farmingdale, NY). Fridk i o Hareli ct al. 163 Cell. I mmunol. 220 (1006). 
25 The N - term i na l 20 to 25 am i no ac i ds of Copo l ymer 1 protrude beyond the 

I I LA - DR prot e ins, and are not part of the binding mot i fs of Copolymer 1 for these 
proteins. The sequence data (Tab le 0) show that Copo l ym e r 1 peptid e s bound to 
I I LA - DR1 hav e s i gnificantly h i gher l evels of glutam i ne at the first and second 
positions of the Copolymer 1 b i nd i ng domain, higher leve l s of l ys i ne at the second 
30 and third pos i t i ons, and h i gher leve l s of tyros i ne at the th i rd to fifth posit i ons. The 
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th i rd position of th e bound Copo l ym e r 1 p e pt i d e ( l ys i n e or tyrosin e ) may corr e spond 
to th e P1 pos i t i on of th e p e ptid e b i nd i ng s i t e within th e MHC c l ass II groov e b e caus e 
th e P1 s i te i s th e th i rd amino acid i n th e binding s i tes of other pept i des wh i ch bind 
I I LA - DRI . Tor examp le , tyrosin e i s found i n the th i rd (PI) pos i t i on of the I l A 306 - 
5 318 p e pt i de, which corresponds to the Y30 8 position of the HA prot ei n. St e rn ct a l ., 
368 Nature (Lend.) 215. These data arc i n contraotto the random patterns of the 
s e qu e nc e s found i n untr e at e d Copo l ym e r 1, wh i ch shows no s e qu e nc e sp e cific i ty or 
preferentia l posit i oning w i th i n the M l I C class II groove for any of the four am i no 
ac i ds w i th i n Copo l ymer 1 . 

10 for I I LA - DR2, both tyros i ne and alan i ne are d e tected after the th i rd cyc l e of 

Cdman degradat i on (Tab l e 0). No sequenc e spec i f i c i ty or preferent i a l pos i tion i ng i s 
obs e rv e d for posit i ons corr e spond i ng to anchor pos i t i ons fo l lowing P1 (at posit i ons 
corresponding to the P4, P6 or PO positions of I I LA - DRI and I I LA - DR4; and at 
posit i ons correspond i ng to the P4 or P7 posit i ons of I I LA - DR2b molecu l es). I n all 

15 th e samp l es the levels of a l an i n e are h i gh e r than those of glutam i ne, tyrosine and 
l ys i n e , wh i ch was exp e ct e d b e cause a h i gh e r mo l ar rat i o of alanine is pr e s e nt in 
Copo l ymer 1 . for each of the I ILA - DRI and I I LA - DR4 mo l ecu l es, tyros i ne woo 
found at th e pos i t i on correspond i ng to th e first anchor pos i t i on (the th i rd r e sidue i n 
the sequenc e ana l ys i s), followed by alan i n e i n the positions corresponding to the 

20 subsequent pockets. I n the Copolymer 1 bound to I I I-A - DR 2, tyros i ne was a l so 
e nriched at the posit i on correspond i ng to P1 . Glutamic ac i d was enriched at the 
first cycle position corresponding to the P - 2 posit i on and at the next adjacent 
position correspond i ng to P 1, l ysine was enriched. These res i dues can contribute 
to the stab l e interactions of Copo l ymer 1 w i th the I ILA DR molecu l es and the 

25 i nteraction of this comp l ex w i th the T ce l l receptor (TCR). 

Th e se results i nd i cate that Copolymer 1 conta i ns c l ass II M l IC b i nding mot i fs. 
I t may be that Copo l ymer 1 bound to the antigen groove of I I LA - DR mo l ecu l es can 
act either as a b l ock i ng pept i de or as an antagon i st or partial agon i st, resu l ting in 
suppress i on of autoimmune T ce ll responses or anergy, or both. App li cants' 

30 invent i on docs not depend upon the theory underlying the act i on of Copolymer 1 or 
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Tabled 



Bind i ng s e qu e nc e s of Copo l ym e r 1 P e pt i d e s 
B ound to H LA - DR1, H LA - DR2 and H I-A - DR4 mol e cul e s 

r el at i ve am i no acid pos i t i ons 



IILA-DR 


2— 


1— 


— 1 




—6 — 


— 7 — 


— 9 




E — 


— K— 


-^i'^ 


-A— 


— A— 


A 


—A 


DRIDI*0101 DR-1 


E — 


K 





-A— 


— A— 


— A— 


—A 


DRDI*0401 DR-4 

DRDI*1501 DR-2 


E — 


K 


Y.A 


-A— 


A 


—A— 


—A 



EXAMPLE 11 
DEVELOPMENT Of PEPT I DES TOR B I NDING 
I I LA - DR1 AND H LA - DR4 MOLECULES 

Th e prev i ous e xamp l es i ndicat e that Copo l ym e r 1 and T e rpolym e rs b i nd to 
pur i fied human I ILA - DR mo l ecu le s within the peptide b i nding groove and i nhibit 
bind i ng of I lA 306 - 310, a pept i de from influenza virus which b i nds with h i gh affin i ty 
to both I ILA - DR1 (DRD 1*0101) and I I LA - DR4 (DRD 1*0401) molecu l es, further, 
t e rpolymers composed of on l y three amino ac i ds (GAL, TCA, TAL and GTL) bound 
to purif i ed I ILA - DR1, I ILA - DR2 and I I LA - DR4 molecules and competed with the 
collagen peptide, C l l 261 - 273, for b i nd i ng to RA - a3sociated I I LA - DR1 (DR B I 
*0101) and - DR4 (DRD 1*0401) prote i n mo l ecules. The terpolymers a l so inh i bited 
C ll- react i v e T ce ll clones. 

In this examp l e, peptides of defined sequence and length (15 res i dues) were 
synthesized using the sequences of the binding motifs summarized in Tab l e 0. 
Th e s e pept i des were analyzed for affinity and specificity of b i nd i ng to M l I C class I I 
I I LA - DR prote i n mo l ecu l es, for an ab ili ty to inh i b i t bind i ng of compet i tor mo l ecules 
and for an abil i ty to inh i b i t T cel l responses. Accord i ng to the present i nvention, 
th e s e prop e rti e s are usefu l i n th e rapeut i c composit i ons for tr e ating i mmune 
dis e as e s. 
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P e pt i d e s shown in Tab le 10 w e r e synth e sized us i ng sol i d phas e techniques 
(Darany, G. et a ! ., 1079. The Peptides, E. Gross ct a l ., eds. (New York, NY: 
Acad e m i c Pr e ss) on an App lie d Bi osyst e ms P e pt i d e Synthes i zer, and w e r e pur i f i ed 
by r e v e rs e d - phas e H PLC. — P e ptid e s e qu e nc e s i nc l ud e d H A 306 - 318, hav i ng th e 
5 s e qu e nc e PKYVKQNTLKLAT (SEQ I D NO: 2)(MW 171 8 ); CM 261 - 273, hav i ng the 
sequ e nc e AGFKGEQGPKGEP (SEQ I D NO: 3)(MW 1516); and H A 306 - 318 
brack e ted by a l an i nes at th e N - and C - terminals, APKYVKQNTLKLATA (SEQ I D 
NO: 44). Pept i des were a l so synthesized on a 1 ^mo \e scale us i ng the Mu l tipin 
P e pt i d e Synth e sis Syst e m (Chiron T e chnolog ie s, Ra le igh, NO). Pept i d e s were 

10 synth e s i z e d as 15 - m e rs w i th fr ee am i no groups at th e N - term i nus and fr ee carboxy l 
groups at th e C - t e rminus, and w i th b i ot i n l i nk e d to th e N - terminus by th e spacer 
SCSG and hav i ng a fr ee carboxy l group at the C - torminus. Peptide synth e s i s was 
mon i tor e d by inc l ud i ng two standard p e pt i d e s e qu e nces as controls, wh i ch were 
subj e ct e d to I I PLC and mass sp e ctroscopy analys i s. The H A 306 - 318 peptide wao 

15 also us e d as a pos i tiv e contro l for b i nd i ng e xp e r i m e nts. P i n p e ptides were 

l yoph il iz e d and r e susp e nded at a conc e ntration of 2 mg/m l in dimethyl su l fox i d e 
(DMSO). Und e r these cond i tions, the major i ty of peptides were complete l y 
so l ub i l i zcd. Diot i nylation was performed w i th excess N - hydroxysucc i nim i de biot i n 
(S i gma, St. Louio, MO) in DMSO as dcGcr i bcd i n Fr i dk i o H arc l i ct al., 01 Proc. Nad. 

20 Acad. Scl, USA 4 872 4 876 (100 ^ ). Unroactcd b i otin was removed by d i alyGio 

(SpectraPor® membrane MWCO 500, Spectrum Medica l I ndustries, I l ouston, TX). 

Peptides were made to have test sequence motifs for b i nding to the groove of 
I I LA - DR1 and - DR4 mo l ecules (sec Table 10). The pept i d e s genera l ly contained 
various combinat i ons of glutam i c acid, l ys i ne and a l anin e at the N - t e rm i nus, followed 

25 by tyros i ne at the posit i on correspond i ng to PI (shown i n bold i n Table 10), and then 
alan i ne i n the subsequent binding pockets. The test sequence mot i fs fal l i nto three 
d i ffer e nt groups according to thes e pos i t i ons i n the consensus (Table 10). P e pt i des 
in group I had l ys i ne (K) at the position correspond i ng to PO and tyrosine (Y) at the 
pos i t i on corresponding to P I (in bo l d i n Tab l e 10). A reference peptide in th i s set 

30 w i th lys i ne (K) at the posit i on corresponding to P8 to increase solub i lity and alan i ne 
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at al l oth e r r e s i du e s (SEQ I D NO: 45) has pr e v i ous l y been synthes i zed. Jard e tzky ct 
aL, 9 UMBO J. 1707 - 1 8 03 (1990). Peptides i n group I I hod tyros i ne (Y) at th e 
posit i on corr e spond i ng to P I , but had a l an i n e (A) at the position corr e spond i ng to P 8 . 
Pept i des in group I II had am i no ac i d tyrosine (Y) sh i fted one or two r e sidues w i th 
5 respect to the P1 posit i on in I < A 306 - 318 p e ptide. Pept i des i n a l l groups conta i ned 
one or more glutam i c ac i d (E) and/or lysine (K) residues, i n variabl e pos i t i ons as was 
obs e rv e d in th e b i nd i ng motifs supra, and to e nhanc e so l ub i l i ty. B oth N - term i nal 
b i ot i ny l at e d and un l ab ele d s e ts of p e pt i d e s w e re synthes i zed for thes e stud i es. 
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Tab le 10 

Groups of synth e tic p e pt i d e s and cons e nsus pos i tions 



SEa4&^ pept i de ocq ttenee ee^ og'noSo goolt i ono 

Contro l 44 APKYVKQNTLKLATA A(HA 306 - 31 8)A 



+ 45 AAAYAAAAAAKAAAA PIY, PSK 

46 AKKYAAAAAAKAAAA 

47 AEAYAAAAAAKAAAA 
26 AKEYAAAAAAKAAAA 

26 AAEYAAAAAAKAAAA 

27 AAKYAEAAAAKAAAA 

28 CAKYAAAAAAKAAAA 

29 ACKYAAAAAAKAAAA 
3e KCAYAAAAAAKAAAA 
a4 ACCYAAAAAAKAAAA 

32 EKAYAAAAAAKAAAA 

33 AAKYEAAAAAKAAAA 

34 EAAYAAAAAAKAAAA 

35 CKKYAAAAAAKAAAA 



H 48 ACKYAAAAAAAAAAA P1Y. P S A 

49 AKCYAAAAAAAAAAA 

59 AKKYAEAAAAAAAAA 

54 ACAYKAAAAAAAAAA 

52 KEAYAAAAAAAAAAA 

53 AEEYKAAAAAAAAAA 

54 EKAYAAAAAAAAAAA 

55 CKKYAAAAAAAAAAA 

56 IIAKYAAAAAAAAAAA 

36 AKKYEAAAAAAAAAA 

37 AACYKAAAAAAAAAA 

38 AAKYEAAAAAAAAAA 

39 AAKYAEAAAAAAAAA 



Ht 49 AEYAKAAAAAAAAAA P1A, P8A 

4+ AEKAYAAAAAAAAAA 

57 EKYAAAAAAAAAAAA 

42 AYKAEAAAAAAAAAA 

43 AKYAEAAAAAAAAAA 
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Comp e t i t i v e b i nd i ng assays ar e us e d to e xam i n e wh e th e r th e synth e t i c 
p e pt i d e s can comp e t e succ e ssfu ll y w i th Copo l ym e r 1 or w i th th e h i gh affin i ty H A 
30 6- 318 p e pt i d e for b i nding to H LA - DR1 and H LA - DR4 prot ei ns. I n th e comp e t i t i v e 
5 b i nding assays, ei th e r Copolym e r 1 or th e H A 306 - 31 8 p e pt i d e brack e t e d by 
alanin e s (APKYVKQNTLKLATA, SEQ I D NO: 44) i s biot i ny l ated and un l abeled 
Copo l ym e r 1 or p e ptid e i nh i b i tors ar e add e d. — K i n e t i c stud ie s i nd i cat e d that 
b i otiny l at e d Copo l ym e r 1 inh i b i t e d binding of un l ab e l e d Copolym e r 1 and of H A 
306 - 31 8 (SEQ I D NO: 2) to recomb i nant I I LA - DR1 b e tter than peptides of groups 

10 l-ll l. H ow e v e r, s e v e ra l p e pt i d e s containing l ys i n e at th e P 8 posit i on (group I ) ar e 
b e tt e r i nh i bitors than p e ptid e s of s i m i lar s e qu e nc e but w i th an a l an i n e at th e P 8 
pos i t i on (groups I I and I I I of Tab l e 10). I n contrast, the b i nd i ng of b i ot i nylated 
Copolymer 1 to H LA - DR4 mo l ecu le s was e fficiently i nh i bited by many of the pept i des 
i n groups l-ll l. Convers el y, the b i nd i ng of b i ot i ny l ated HA 306 - 31 8 to I I I-A - DR4 woo 

15 i nhibit e d more by Copo l ym e r 1 than by H A 306 - 318 or by the pept i des of groups l - ll l . 
To further character i ze the re l at i ve affinity of the Group l-l l l p e pt i des for 
b i nd i ng to H LA - DRI, - DR2 and - DR4 molecul e s, compet i t i ve b i nd i ng assays ore 
p e rformed with b i ot i ny l ated Mu l t i p i n p e pt i des us i ng un l abe l ed Copo l ymer 1 , HA 
306 - 318 or CM 261 - 273 as i nh i b i tors. The b i nd i ng of the major i ty of Croup I III 

20 p e pt i d e s to I ILA - DRI and H 1-A - DR4 was i nh i b i ted by un l abe l ed Copolymer 1 , H A 
306 - 318 (SEQ I D NO: 2) and C I! 261 - 273 (SEQ ID NO: 3), however, less effic i ent l y 
than the b i nd i ng of H A 306 - 31 8 (SEQ I D NO: 2). Some of the pept i des showed 
h i gher affinity for the H LA - DR1 (Table 11 A) or I I LA - DR4 (Table 11D) proteins than 
d i d Copo l ymer 1, I l A 306 310. or CM 261 273. 
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Tab i c 11 A 

Aff i nity of Group l- ll l pept i d e s fo r H LA - DR1 mol e cul e s 



SEQ I D NO 

44 
25 
26 
27 
28 



peptid e s e qu e nc e 

APKYVKQNTLKLATA 
AKEYAAAAAAKAAAA 
AAEYAAAAAAKAAAA 
AAKYAEAAAAKAAAA 
□AKYAAAAAAKAAAA 
Copo l ym e r 1 



HA 306 - 31 8 

Ann 
"TtJZXJ 

4^ 
42t9 

33:0 
40:0 



I nh i bitors 
Copo l ym e r 1 

3t3 



46:0 



8t0 
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Tab le 11 B 

Aff i n i ty of S ele ct e d Cop e pt i d e a for HLA - DR4 (DRB1*0401) 



_ .p, . ,^ ... 1 1 A 306 - 31 8 Copolymer 1 

Croup GCQ I D NO pept i de sequence ^^| >^ ^ j ^M ) 



Contro l 44 APKYVKQNTLKLATA 26t0- 8t2 

f 46 AAAYAAAAAAKAAAA "hO- 

25 AKEYAAAAAAKAAAA 4:5 

26 AAEYAAAAAAKAAAA 3t2 

2i^ AAKYAEAAAAKAAAA 4tS <4te 

28 CAKYAAAAAAKAAAA 4r4 8t0 

29 ACKYAAAAAAKAAAA 6t5 
36 KD^YAAAAAAKAAAA 4t5 
34 AEEYAAAAAAKAAAA 2:0 

32 EKAYAAAAAAKAAAA 3t3 

33 AAKYEAAAAAKAAAA 4:0 

34 EAAYAAAAAAKAAAA 5:0 

35 EKKYAAAAAAKAAAA 4:3 
H 36 AKKYEAAAAAAAAAA 2:2 

3? AAEYKAAAAAAAAAA 4:8 

38 AAKYEAAAAAAAAAA 4:2 

30 AAKYAEAAAAAAAAA 4:2 
m 40 AEYAKAAAAAAAAAA 3:0 

44 AEKAYAAAAAAAAAA <4t0 

42 AYKAEAAAAAAAAAA 4:3 

43 AKYAEAAAAAAAAAA 3:0 



Copolymer 1 2:5 20:0 



Affin i t i es w e re dotorm i nGd by compot i t i on with b i otiny l atcd compet i tors H A306 - 31 8 and 
Copo l yr 



All pept i des were further tested for i nhib i t i on of Cll opecific T ce l l rcaponoco 
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using methods dcscr i bGd in prev i ous exampl e s. HA 306 - 318 (peptide SEQ ID NO: 
2) i nhib i ted both DR1 3.19 and 10.3 T c ell clones very effic ie ntly (over 95% and 08% 
for 19.3 and 3.19 c ell s, r e sp e ct i v el y). H ow e v e r, peptides w i th SEQ ID NO: 27, 48, 
36 and 53 wer e as good or bett e r inh i b i tors of T c el l r e spons e than th e r e f e r e nc e 
5 i nflu e nza v i rus h e magg l ut i n i n p e ptid e H A 306 - 31 8 . 

Tor I I LA - DR4 restr i cted T c ell s, us i ng L fibrob l asts transfected with HI-A - DR4 
as th e ant i g e n pr e s e nt i ng c ell , th e fo l low i ng patt e rn of act i v i ty was obta i n e d: peptides 
SCO I D NOS: 20, 31, 34, 35, 50. 51, 54, 3 8 and 41 were good i nhib i tors of the DR4 
3 8 38 T cell clone, wher e as the D3 clone was i nh i b i ted best by peptides SCO I D 

10 NOS: 46, 27. 34, 2 8 and 54. Thes e pept i d e s produced leve l s of i nh i b i t i on of over 
80% for the D3 and 3038 ce ll o. Copo l ymer 1 had only a m i nima l effect on the 
C l l - sp e c i fic T c e l l response, consist e ntly giv i ng less than 20% i nh i b i t i on. HA 
306 - 318 (SCO I D NO: 2) i nh i b i ted both DR4 3838 and D3 T c ell c l ones l ess 
e fficient l y ( l ess than 60% i nh i b i t i on) than it i nh i bited the DR1. 3.10 and 10.3 clones. 

15 Th e se data show that pept i des of SEQ ID NO: 46, 27. 34, 28 and 41 are 

s i gn i ficant l y better i nhib i tors of T ce ll response than the r e f e rence influenza virus 
h e magg l ut i nin pept i de I l A 306 - 31 8 . Pept i des of SEQ I D NO: 27 and 41 are h i gh 
le vel inhib i tors both of I ILA - DR - 1 - and - DR - 4 restricted Cl l- specific T ce ll o. 
The data in these examples, performed w i th each peptide at l east i n 

20 duplicate, show that of 33 un i que synthetic peptides, several inhib i ted binding of HA 
306 - 318 and Copolymer 1 to recomb i nant I I LA DR1 and DR4 molecu l es. Pept i deo 
wh i ch i nhibited b i nd i ng of I l A 306 310 or copo l ymerl to I I LA - DRI or DR 1 
mo l ecules contained tyros i ne at the PI position. The presence of g l utamic acid, 
a l an i ne and l ysine in var i ous comb i nations on the N - terminal s i de of P I d i d not oecm 

25 to i nfluence the affin i ty of the bind i ng. Of the subsequent residuco, l ys i n e at P 8 wao 
i mportant for i nhib i tion of I l A 306 - 318 but not of Copo l ymer 1 binding to I I LA DR1 . 
I n contrast to I I t-A DR1 . a larger number of pept i des i nhibited b i nd i ng of both H A 
306 - 318 and Copo l ymer 1 to I I LA DR4 molecu l es. Theoe pept i des conta i ned 
tyros i n e at the pos i t i on correoponding to PI and cither lys i ne or alan i ne at th e 

30 pos i t i on correspond i ng to PO, with no apparent preference for spec i fic am i no ac i ds at 
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oth e r positions. 

T l ie affin i ty of th e HA 30 6- 318 for recombinant HI-A - DR4 was l ow e r, and that 
of Copo l ym e r 1 high e r, than for H LA - DR1 mo le cu l es. Th e s e affinit i es ar e s i mi l ar to 
thos e obs e rv e d w i th H LA - DR1 and - DR4 mo le cu le s pur i fied from human b l ood. The 
5 b i nding of some of the biot i nylat e d p e pt i d e s to c i ther HLA - DR1 or - DR4 was 

inh i bited by Cl l 261 - 273, as we ll as by I l A 30 6- 318 and Copolymer 1, show i ng that 
th e s e p e ptides may compete for pr e sentation to C l l - react i vc T c e l l s, i n a sim i lar 
fash i on to that for the who l e Copolym e r 1 m i xture. Pept i des w i th an affin i ty c l ose to 
or higher than that of Cl l 261 - 273, HA 306 - 31 8 and Copo l ymer 1 preparat i ons arc 

10 l isted i n Table 11 A, for I I LA - DR1 and Tab l e 11D, for I I LA - DR4. 

O e vera l of th e 15 - mcr pept i des i nh i bited type II col l agen - spec i f i c T co ll clonco. 

Th e s e p e pt i d e s a l l had tyrosine at the position corresponding to P I and c i ther lyo i no 
or a l anine at the position correspond i ng to P 8 , with no other sp e c i fic s e quence 
patterns. Th e examples prov i ded h e r e show the strong inh i bit i on by severa l random 

15 h e teropo l ymers composed of thr e e am i no ac i ds selected from the group cons i st i ng 
of tyros i ne, glutamic acid, a l anine and l ys i ne. These hcteropo l ymcrs, especially TAL, 
competed w i th C l l 261 273 for b i nd i ng to RA - assoc i ated HLA - DR1 and DR4 
molecules, and i nh i bited C l l - rcact i ve T cel l clones, further, pept i de SEQ I D NO: 46, 
wh i ch i ncludes the direct sequence tyros i ne - alanine -l ys i ne i nhibited type I I 

20 col l agen - reactive T ce l ls better than Copolymer 1 , indicat i ng that a peptide of 
approx i mately 15 amino ac i ds in le ngth having s i ng l e tyrosine - alan i nc - lyo i ne 
s e qu e nce can substitute for the m i xture of random polypept i des found i n the TAL 
h e t e ropo l ymcr. 

The resu l ts of the foregoing e xamp l es i ndicate that the embod i ments of the 
25 invention, w i th ind i v i dua l amino acid sequences that i nclude at least three amino 

ac i ds se l ected from tyrosine, glutomic acid, a l an i ne and lysine, have b i nding motifs 
for anchor positions fitting particular I I LA - DR molecules and can act as effective 
th e rapeut i c agents for auto i mmun e d i seases. A pharmaceut i ca l composit i on 
comprising a pure synthet i c short polypept i de of s i ng l e sequence may have fewer 
30 side effects and greater specificity for a part i cular b i nd i ng s i te or autoimmune 
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diGoase than a m i xtur e of polypopt i dcs of random sequoncc. On the oth e r hand, th e 
po l ypeptide m i xtur e s contemplat e d by the pr e sent i nvention may have broad e r 
eff i cacy for many typ e s of autoimmune diseases. Henc e , both th e short 
polyp e ptid e s of a single s e qu e nce, and th e m i xtur e s of po l yp e ptid e s e asily provided 
5 by th e pr e s e nt i nv e nt i on, ar e va l uabl e therap e utic ag e nts. 



EXAMPLE 42 10 

COPOLYMER 1 INHIBITS ACTIVATION OF T CELLS 
RESPONSIVE TO A MYASTHENIA GRAVIS ANTIGENIC PEPTIDE 

10 

METHODS 

Copolymer 1 

Copolymer 1 was obtained from Teva Pharmaceutical Industries (Petach 
Tikva, Israel). 

15 

Myasthenia Gravis-Reiated Peptides were synthesized on an Applied 
Biosystems Peptide Synthesizer using solid phase techniques. Barany et al., The 
Peptides 1 (1979). Peptides were purified by reversed-phase HPLG. The peptides 
used were the p259 peptide, see Zisman et al., Hum^ ImmuoL 1995 Nov^ ; 
20 44(3):121-30; Brocke et al., Immunology 1990 Apr.; 69(4):495-500. 



IL-2 secretion 

Secretion of IL-2 by the cell line WCB AB- in response to the myasthenia 
gravis peptides and/or Copolymer 1 were evaluated. Cells (1.5 x 10"*) were 
25 incubated with the indicated antigen. Secretion of IL-2 by the cell line WCB AB was 
used as a measure of activation of that T-cell line. 



RESULTS 

Table +2 9 indicates that the p259 peptide stimulates T cell secretion. 
30 However, when Copolymer 1 is incubated with the p259 peptide, T cell secretion of 
IL-2 is inhibited in a dose-related fashion. At 100 juM Copolymer 1 inhibits about 
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91% of IL-2 secretion (Table 43 IQ), indicating that Copolymer 1 is a potent inhibitor 
of T cell activation. 



Table 42 9 

IL-2 secretion from WCB AB line in response to p259 



p 259 cone. 


Avg OD 
(450 nm) 


SD 


%CV 


IL-2 
(pg/ml) 


0 


0.077 


0.01 




0 


0.25 


0.135 


0.00 




24 


0.5 


0.227 


0.01 


3.9 


TO 


1 


0.387 


0.01 


2.9 


1 'iQ 

1 


2 


0.725 


0.02 


2.4 








Table 4^ 10 








IL-2 secretion from WCB AB line 






in response to Cop1 alone or 2ijM p259 + Cop1 




Cop1 

(a^M) 


Avg OD 
(450 nm) 


SD %CV 


IL-2 
(pg/ml) 


% Inhibition 


0 


0.725 


0.02 2.4 


347 




1 


0.086 


0.01 


0 




2 


0.079 


0.00 


0 




10 


0.086 


0.00 


0 




20 


0.266 


0.01 8.0 


93 


73 


60 


0.166 


0.01 


40 


88 


100 


0.151 


0.01 11.2 


32 


91 



Absorbance is the average of 3 samples. Confidence values were calculated relative to the 
absorbance of a blank (%CV = SD/(Avg-blank)*100). 
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WHAT IS CLAIMED : 

1 . A terpolymer consisting essentially of tyrosine, alanine and lysine randomly 
polymerized into a polypeptide. 



2. The terpolymer of Claim 1 which is substantially free of glutamic acid. 

3. The terpolymer of Claim 1 wherein said tyrosine is present in a mole fraction of 
about 0.005 to about 0.250; said alanine is present in a mole fraction of about 
0.3 to about 0.6; and lysine is present in a mole fraction of about 0.1 to about 
0.5. 

4. The terpolymer of Claim 1 wherein said tyrosine is present in a mole fraction of 
about 0.10, said alanine is present in a mole fraction of about 0.54, and said 
lysine is present in a mole fraction of about 0.35. 

5. A terpolymer consisting essentially of glutamic acid, tyrosine and lysine randomly 
polymerized into a polypeptide. 

6. The terpolymer of Claim 5 which is substantially free of alanine. 

7. The terpolymer of Claim 5 wherein said glutamic acid is present in a mole 
fraction of about 0.005 to about 0.300; said tyrosine is present in a mole fraction 
of about 0.005 to about 0.250; and said lysine is present in a mole fraction of 
about 0.3 to about 0.7. 

8. The terpolymer of Claim 5 wherein said glutamic acid is present in a mole 
fraction of about 0.26, said tyrosine is present in a mole fraction of about 0.16 
and said lysine is present in a mole fraction of about 0.58. 

9. A terpolymer consisting essentially of glutamic acid, alanine and lysine randomly 
polymerized into a polypeptide. 

1 0. The terpolymer of Claim 9 which is substantially free of tyrosine. 



1 1 . The terpolymer of Claim 9, wherein said glutamic acid is present in a mole 
fraction of about 0.005 to about 0.300; said alanine is present in a mole fraction 
of about 0.005 to about 0.600; and said lysine is present in a mole fraction of 
about 0.2 to about 0.7. 

12. The terpolymer of Claim 9 wherein said glutamic acid is present in a mole 
fraction of about 0.15, said alanine is present in a mole fraction of about 0.48 
and said lysine is present in a mole fraction of about 0.36. 

13. A terpolymer consisting essentially of tyrosine, glutamic acid and alanine 
randomly polymerized into a polypeptide, wherein said tyrosine is present in a 
mole fraction of about 0.005 to about 0.250; said glutamic acid is present in a 
mole fraction of about 0.005 to about 0.300, and said alanine is present in a 
mole fraction of about 0.005 to about 0.800. 

14. The terpolymer of Claim 13 wherein said tyrosine is present in a mole fraction of 
about 0.14, said glutamic acid is present in a mole fraction of about 0.21, and 
said alanine is present in a mole fraction of about 0.65. 

1 5. The terpolymer of Claim 13 which is substantially free of tyros i n e lysine . 

16. A pharmaceutical composition for the treatment of an autoimmune disease, 
comprising a therapeutically effective amount of a terpolymer comprising three 
different amino acids randomly polymerized into a polypeptide, and a 
pharmaceutically acceptable carrier, wherein said three different amino acids are 
selected from the group of tyrosine, glutamic acid, alanine and lysine. 

17. The pharmaceutical composition of Claim 16 wherein said terpolymer consists 
essentially of tyrosine, alanine and lysine. 



18. 



The pharmaceutical composition of Claim 17 wherein said terpolymer is 
substantially free of glutamic acid. 



19. The pharmaceutical composition of Claim 17 wherein said tyrosine is present in 
a mole fraction of about 0.005 to about 0.250; said alanine is present in a mole 
fraction of about 0.3 to about 0.6; and lysine is present in a mole fraction of 
about 0.1 to about 0.5. 

20. The pharmaceutical composition of Claim 17 wherein said tyrosine is present in 
a mole fraction of about 0.10, said alanine is present in a mole fraction of about 
0.54, and said lysine is present in a mole fraction of about 0.35. 

21 . The pharmaceutical composition of Claim 16 wherein said terpolymer consists 
essentially of glutamic acid, tyrosine and lysine. 

22. The pharmaceutical composition of Claim 21 wherein said polypeptide is 
substantially free of alanine. 

23. The pharmaceutical composition of Claim 21 wherein said glutamic acid is 
present in a mole fraction of about 0.005 to about 0.300; said tyrosine is present 
in a mole fraction of about 0.005 to about 0.250; and said lysine is present in a 
mole fraction of about 0.3 to about 0.7. 

24. The pharmaceutical composition of Claim 21 wherein said glutamic acid is 
present in a mole fraction of about 0.26, said tyrosine is present in a mole 
fraction of about 0.16 and said lysine is present in a mole fraction of about 0.58. 

25. The pharmaceutical composition of Claim 16 wherein said terpolymer consists 
essentially of glutamic acid, alanine and lysine. 

26. The pharmaceutical composition of Claim 25 wherein said polypeptide is 
substantially free of tyrosine. 

27. The pharmaceutical composition of Claim 25, wherein said glutamic acid is 
present in a mole fraction of about 0.005 to about 0.300; said alanine is present 
in a mole fraction of about 0.005 to about 0.600; and said lysine is present in a 
mole fraction of about 0.2 to about 0.7. 



28. The pharmaceutical composition of Claim 25 wherein said glutamic acid is 
present in a mole fraction of about 0.15, said alanine is present in a mole fraction 
of about 0.48 and said lysine is present in a mole fraction of about 0.36. 

29. The pharmaceutical composition of Claim 16 wherein said terpolymer consists 
essentially of tyrosine, glutamic acid and alanine, and wherein said tyrosine is 
present in a mole fraction of about 0.005 to about 0.250; said glutamic acid is 
present in a mole fraction of about 0.005 to about 0.300, and said alanine is 
present in a mole fraction of about 0.005 to about 0.800. 

30. The pharmaceutical composition of Claim 29 wherein said tyrosine is present in 
a mole fraction of about 0.14, said glutamic acid is present in a mole fraction of 
about 0.21, and said alanine is present in a mole fraction of about 0.65. 

31 . The pharmaceutical composition of Claim 29 which is substantially free of lysine. 

32. The pharmaceutical composition of Claim 16 wherein said terpolymer has a 
molecular weight of about 2,000 to about 40,000 daltons. 

33. The pharmaceutical composition of Claim 16 wherein said terpolymer has a 
molecular weight of about 4,000 to about 9,000 daltons. 

34. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is a B cell mediated autoimmune disease. 

35. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is a T cell mediated autoimmune disease. 

36. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is an arthritic condition. 

37. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is a demyelinating disease. 



28. The pharmaceutical composition of Claim 25 wherein said glutamic acid is 
present in a mole fraction of about 0.15, said alanine is present in a mole fraction 
of about 0.48 and said lysine is present in a mole fraction of about 0.36. 

29. The pharmaceutical composition of Claim 16 wherein said terpolymer consists 
essentially of tyrosine, glutamic acid and alanine, and wherein said tyrosine is 
present in a mole fraction of about 0.005 to about 0.250; said glutamic acid is 
present in a mole fraction of about 0.005 to about 0.300, and said alanine is 
present in a mole fraction of about 0.005 to about 0.800. 

30. The pharmaceutical composition of Claim 29 wherein said tyrosine is present in 
a mole fraction of about 0.14, said glutamic acid is present in a mole fraction of 
about 0.21, and said alanine is present in a mole fraction of about 0.65. 

31 . The pharmaceutical composition of Claim 29 which is substantially free of lysine. 

32. The pharmaceutical composition of Claim 16 wherein said terpolymer has a 
molecular weight of about 2,000 to about 40,000 daltons. 

33. The pharmaceutical composition of Claim 16 wherein said terpolymer has a 
molecular weight of about 4,000 to about 9,000 daltons. 

34. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is a B cell mediated autoimmune disease. 

35. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is a T cell mediated autoimmune disease. 

36. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is an arthritic condition. 



37. 



The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is a demyelinating disease. 



38. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is an inflammatory disease. 

39. The pharmaceutical composition of Claim 16, wherein said autoimmune disease 
is multiple sclerosis, autoimmune hemolytic anemia, autoimmune oophoritis, 
autoimmune thyroiditis, autoimmune uveoretinitis, chronic immune 
thrombocytopenic purpura, colitis, contact sensitivity disease, diabetes mellitus, 
Graves disease, Guillain-Barre's syndrome, Hashimoto's disease, idiopathic 
myxedema, myasthenia gravis, psoriasis, pemphigus vulgaris, rheumatoid 
arthritis, or systemic lupus erythematosus. 

40. A method for treating an autoimmune disease in a mammal which comprises 
administering a therapeutically effective amount of a terpolymer polypeptide 
comprising three different amino acids randomly polymerized into a polypeptide, 
wherein said three different amino acids are selected from the group of tyrosine, 
glutamic acid, alanine and lysine. 

41 . The method of Claim 40 wherein said terpolymer polypeptide consists essentially 
of tyrosine, alanine and lysine. 

42. The method of Claim 40 wherein said terpolymer polypeptide consists essentially 
of glutamic acid, tyrosine and lysine. 

43. The method of Claim 40 wherein said terpolymer polypeptide consists essentially 
of glutamic acid, alanine and lysine. 

44. The method of Claim 40 wherein said terpolymer polypeptide consists essentially 
of tyrosine, glutamic acid and alanine, and wherein said tyrosine is present in a 
mole fraction of about 0.005 to about 0.250; said glutamic acid is present in a 
mole fraction of about 0.005 to about 0.300, and said alanine is present in a 
mole fraction of about 0.005 to about 0.800. 

45. A method for treating an autoimmune disease which comprises administering a 



therapeutically effective amount of a polypeptide consisting essentially of amino 
acids tyrosine, glutamic acid, alanine and lysine, wherein said autoimmune 
disease is not multiple sclerosis. 
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B9-. A synth e tic p e ptid e having a n a mino acid sequence compris i ng at l e ast thr ee 

am i no acids s e l e ct e d from th e group of amino acids consist i ng of aromatic amino 
ac i ds, negativ e ly charg e d am i no acids, positiv el y charg e d am i no acids, and 
a l iphatic amino acids, where i n th e synthetic p e ptide i s at l e ast seven am i no ac i d 
r e s i du e s i n l e ngth and i s capab le of b i nd i ng to an M H C c l ass II prot ei n 
assoc i at e d with an autoimmune disease. 

Th e synth e tic p e ptid e of C l aim 59 in wh i ch th e aromat i c am i no acid is s e l e ct e d 

from th e group cons i sting of tyrosin e , valin e , and phenylalanine. 

Th e synthetic peptide of Cla i m 59, in which th e positiv e ly charg e d amino ac i d is 

l y si n e , and th e s e qu e nc e compr i s e s 

lysine-tyrosine; l ys i ne-va li n e ; or l ys i n e- ph e ny l a l an i n e . 

62^ The synthet i c p e pt i de of Cla i m 59, wh e r e in th e negatively charg e d amino ac i d is 

g l utam i c acid, and th e sequence compris e s 
g l utamic acid - lysine - tyrosin e ; 
g l utamic acid - lysine - valin e ; or 
glutam i c ac i d -l ys i nc - phenyla l anin e . 

The synthetic pept i d e of Claim 50, where i n th e a li phat i c am i no acid is alan i n e , 

and th e s e quence comprises 

glutam i c acid -l ysin c- tyros i nc - alanin e ; 
g l utamic acid - lysinc - va l in e- alanin e ; or 



6br 



€Hiwe4efmmal-atefw^^ ^^^^^ 

and l i te u c quon rr c u rnprioco - 

t yai i i c yl ulam i c a o id l y iu ui ne nin nin ot 
t yain c l yroo i nc - aluni ii^ y lu lii mi f nrifl;- 
l yainc glu l umic ac i d vuli i io a l anino: 
l yai iic valine - a l u u iii u yl u lii m ir nrirl; 
l yai iic yl ulamic ti o i U p l ic nyla l nni i i c alan i ne; of 
lyain c p i ic nyla l ar l in o ala n ine gliitnm le-aetdr 

-^fhe^yrrthetie^eptid^^^ 
a n d I I ic ocqucncu c omprioco 

l ya in c lyroo i no - alon i nc alan i ne; - 

l yai ii u lyuinc tyro'iinc alanine; 

lya in c valine alanine - alanine; 

l ya iiic ! lyuine valine - alan i ne; 

lyainc phenylalanine ala n ine alanine; or 

lysin e- lyai ii c phcny l ula n inc alanine. 

07. T he oynthet i o popliJu u f CImm GO, .^ l i uu in th e pr^pli U o r " '"'^ m m p ri nnn \ ^ m 
ala nin e i co i duea a n d the oequencc comprioco 

alanine l yai n c tyroo i ne - alanine glutamic acid; 
y lutamic a oi a alan i ne lyai ii e tyroo i nc - alan i ne; 
a l anine lyainc val i ne - alanine glutamic ac i d; 
ylulamic acid - alanine . l ysine va l ine - alanine; 
ala n in e l yoine -pl i e ny l alan i ne - alu ii ine glutamic acid; or 
y lu l amic acid - alanine lyo i i ie- p henylala n ine alan i ne. 



667 
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Th e synthetic peptide of C l a i m 64, wherein the auto i mmune d i ocaoG i o on 
arthritic cond i tion: 



00, The synthetic peptide of C l a i m 60, where i n the arthritic condition ia rheumatoid 

arthr i tis. 

70^ A compoo i t i on according to C l aim 50 w l i ere i n the peptide i o 7 100 am i no acid 

les i dues in length. 

A compooition which io a oyr i thct i c pept i de hav i ng therapeut i c activ i ty i n a subject 

^u rf c iin g from an autoimmune dioeajAC, the am ino acid oequc iiu u o f oaid peptide 
h as/iny at I caot one of each of amino acido g l utamic acid, l yo i nc. and alan i ne and 
an a n l ino ac i d oc l octcd from the group consisting of tyrooine, valine, and 
ph e nyla l anine. 



:?2^ 


A ouM ipooition accuiUing to Claim 71 ^/^licrcin the pcpliUc lo 7 100 ammo acids in 
tefigthr 




A cuiiipooition uouuiding to Cluiiii 71 whcvc\o the peptide lo 7 GO uinino acido in 
tef»gth7 


747- 


A cuii ipooition accuiUiiiy lo Claim GO .^/liuuin the pcpliJu u 7 2D amino nnirin in 
length. 


767- 


A compo^iliuii UL.uidiiiu I" ^him m wliciuii llic peptide r 7 15 ammo acids m 



tef»gth7 



A cuinp ooition a ocoid i i iy to Claim GO r mmulatcd a> t u uni l uiy do a age in n 

p ha i maceutical l y acceptable carr i er. 

A oui nposition a couidi ng to Claim GO which i o Hu U atantially pure. 

A ou m pu oition ac LoicJ in y to Claim GO lia. in y grcate i u rr ii i i l y fu r the antip p n 

U i ii d iii y yiuu ^c o f on Ml IC o laos I I protein aua uc iated wi ll i l l i u auto i mmuno 



disea3G than a l y p c II collago ii 2 0 1 273 pcptido 



^.9 A oui n pu 3ition o loui Ji n y to Claim 71 ou mpr i oing u iii i nu acid ana l o gs at rooiduo 

l o c u liuM O a nd in a i n o untn ^u fr i oiu .t to inh i bil piulu aac dcgmdal iuii u f Ihc pcptid o 
i n the subject : 

8© A ll i s ol ated pcpUd c uui npooit i o n l iay/ing a ocqu ci i uc j c l c ctGd f iui n the group 

oui MM l in y u f. AKZYMM M ^JKAAA (GEQ ID MO- 25), /^J\ZY/\AAJ\Ai^.VMM : 
(GEQ I D HO: 20). AAKYAWAAKAAAA (GEQ ID NO: 27). and 
EAKYAAAAAAKAAAA (GEQ I D fiO: 28). 

84. A ll i^ o la lod pepti de a uoui d i ng to a n y o f I hc po ptidea u f Clai i.i 00 in wh in h th n 

l y iu ai ii c (Y) li ao been 3ub3tituted by a va l ine (V) 0 1 a p henyla l anine (F) 

82 A ll is o lated pepti de euiii poa i tio i i havin g a ocque i i e e sel e cted f r om the group 

ouii ai ^ Uu g u f. AEK^YAAAAA^^ I W^A (GEQ I D NO. 20), AK.EY/ ^ AA/^^AKuWA 
(GEQ I D HO- 25). KEAYAAAAAA I CAAAA (GEQ I D TJO: 30). 
A LE' rAAAAAAIW ^ AO. (S rO ID UP. 31). A/ ^ .EYWA^O.rAyvAA (GEQ ID MO: 
^ U) , U^YAAA/ ^ MW M (GEQ ID NO. 32). ^n^ i M C' EWu^ArA A AA (< ^ r O I D 



l U N O . 3 I ). nry:WMM V N\AA (GEQ ID M O . 3G). EAIC.WT^^ . AA K AAAA . 
(GEQ ID NO 2 0 ). AKKYEA/^^AAAAAAA (GEQ I D M O : 'S 'S ); 
AA L . IJi J i ^uO^g^^.^^ A (< ^rn I D NO. 37), An.KYH^VW^^^^A (G rO I P M O" 
M) ,K^\ V MWMMM ( ^EQ ID NO: 30), A L , / M O ^ W^^^^ A A A ( ^fO I P 
N u 4 U) AEIAYW , A AA AAAA(GEQIDMO: 11). > ui ;/^O^^^W AAA (^ fO 
lU N O . 42). a n d AK^YA E AA W^^^^A (GEO ID UP. 1 3). the pep tide having 
hi gh a rn nity for an Ml I C c l aoo II protein. 

83 A ll i s ol a te d pept i d e a eeuid i i iy to any o f U ie j e nu c n cn n o f Clai m 0 2 in wh i ch th o 

l y io ji iie (Y) h aa been ouba lil uted by a valine (V) or a p h en ylalanine (Q. 

84 An i > ^ u la lG d pepti de euiiip oaition havi ng an amino u e i d ^ e qu eiiLC c cipn h io n f 

b ,l. . . y a n im iii uii e iL3pn nn e in a aubj c ctto an aul u a iil ig c n. who ie in a poo.tion 

„ , Lhe amin u a e i d jc qu c n ro o f Ihe pe ptide thnl eoiie u pun dD to n n a nl ig c n b i ndin g 



pocket in a pept i de binding groove of an Ml I C class II PR pr o te i n ia idcntifiGd oo 
a part i cular am i no acid. 



OS-. An i aolated pept i de compos i tion according to Claim 04 wherein the autoant i gen 

ia associated w i th a cond i tion selected from the group c onsist i ng of mu l tip l e 
sc le rosis and arthr i t i c. 

An iao l ated peptide composition accord i ng to C l aim 04. wherei n the M l IC c l aoo II 

piul cin is selected from the group consisting of an M l I C claao II I I LA DR1 
piu ifcin, and an MUC c l ass II HLA - DR4 protein. 

An iao l ated pe p t i de compooit iur i according to Cla i m 04. whe i c iii l l ic Ml IC claoo II 

piuL ei ii is an M l I C cl ass II I I I-A - DR2 prote i n. 

88, A ll iaolated pep l i U c composition a c cording to C l aim 01. wherein the Q*^ ' " " ^^ 

l eai d ue i n t l ic pos i tion o f the sequen c e Ll iat correop uii do to the P^ pocket in the 
M l IC U a33 II pe ptide biri U i ii y groove i s sel ect e d from the yiu u p c onoiot i ng o f n 
l y io aine. a val i ne, and a phenylalanine . 

89, A ll i a o lat e d pepti de cui npooition a ccuiUiii y to Cla i m Q4. >/>/ liciL i ii II il ci min n n rid 

ic ai J u e ill a fi i at amino a ci d po sition of th e s e quence thai cuiie a pu ii d a to th e P1 
puc k e l i ll Ihe Ml IC Uaas II peptide binding groove is alanine . 



A ll i a o la te d peptid e cui nposition u ccuid i iiy to C l aim 0 4 . >/>/ l i uieiii Uil n m i n n n nd 



l eaiUue l ucaled e i ght r c ii d u e a beyond t l ie f ii al amino a ci d po aition of tho 
ae q u ence lli al cum po n d , t o llie PI po cket in th e M l IC cl a a j II pcp t idr bi n di ng 
y iuu ve ia selected from the group c uii a i sting of lyai ii e and a l anine. 

9^ A p l i a iiii u ce utical piep a i ation comp ii ai ii y a fi i al pepti de a e que nce and n -inrn n d 

p e pt i de a e qu e n ce. wh c r o i ii ll ie preparation ia a ii ii Al urc of a T ii al pe ptide and a 
ae cund peptide u f diff e r e nt a m i n o ac i d ocqu ei i ce a both acc ui di i i y t o C l aim 8 1 i n 
a pli a iiii a ce uU c al l y a ccrp ta b le c a iiie r, the fira t a eq u e nce havi ny in addition a 
l yai iie le ai d u e a nd th e nrrn r id a e qu enc e having a n ala ni ne rco i du e at the ammo 
a c id po ail ioii ei yht rco i d ue a b e yond the a ii ii iiu a ci d corrco pu nding to the P1 



pock e t i n th e MHC class II pept i de b i nd i ng groov e . 



pY SeleGtiniWtHerap^ 
least twofdiffereht am 

and 

IHWBiiWMfflMffliiWO^iiiiiilM 
iffilHMIiilffillIS»i®P®iB 

93* iisSWi^,<Piai!iiiliaiiliili^^ 

li^giatiiiiaiiii^^iiiiw^ 

91! WaiaKSBiillSiaiSliSHIifliMi^^ 

iiH^lffiMffili«'liaiaii^Silgljiiiiii 
^^gillg^iiagiiga!ii^iii^i|iiiaMMllKi^^ 

m. iiiiiiiiliii^iiililfflffiiitiili^^ 
MgWiiiiiSil»Sii!iJffl»lliIiia 

991 



|y§ine?ialahin eC aind t yrosine p^lymifized 

|l5W0i:,;-5f©:; 

acids glutaiflic acid rrlalahine ; tyrosine pdlyrrienizeel in ajmolar ratio of 

W BMBM^Wliiiiii^iiiiaiFliiil^ 

aga|I|pg|i|i[all|||gg2Hi^ 
iliSpiffllplQi 

iB SiBiSiPSiiaffltlil'ilSiiiiliH!^^ 
liSKPiiKWiSiiSliiiiiiiiii 
ilBii 

MiiMiSailMffilii^MiSiiiMlffilHiwi^^ 

a@liss^iiBPiiH®iilHfiBiiilli^^ 

ilMiSiiSailSi 

« isf IWimilMiiiliill'M'l^^ 

fSl «SiiSBIiiMi«aili«»§ 
IfflMBili^Hifiili^Mi 

ffll iMtM^HliSiaii^^^liSaiW 



subject. 

iHi^iiaifiyiKiiMiiSiilii^^ 
iHBWliMiiliai 

HPilM^SHiHSiiiBiiiSSlSiiiWiWlffllffi 
limiaiiaMM®'^H!BililMWIMiiiW 

liiBi^lHliiaiSBiilliiHMi^^ 

liiiiiaiiilgiiHijllillSiiMM 

IB H^BiBliill'lsSiMMSffliilili^iiiM^ 

iiitiSttliiaiiililiiWIlM 



tliatjint i i Sits Binain g 

mm::.. ::mix^~.:- v .x:,-:: A . ..... : 

la'liiiiffliiiiliiMHSW 

iia MBiiiWMiiiiiiiaffliii^ 

iii.iiliiil^«^iiWiai»i^fBWiii^^ 
S«tiIiffi^!iSlPi<iHiSiii»Mi«iiei»MiS 

asiHiasK^iiiiBiiiiiiHaii 

Iffl aMlM^WiPMiilM^HiSiliiMaiiB 
iiiHPliilKISIHiiBiWiiiiillM 

424^ — A method for obtaining an M I IC class II bind i ng mot i f am i no ac i d scqu c nc o in a 
mixture of aynthet i c peptide hcteropo l ymcrs hav i ng therapeutic act i vity in a 
subj e ct, compr i s i ng: 

(a) binding th e mixture of synthetic hctcropolym e rs to M H C c l ass II prote i n 

molecules to form h e t e ropolym e r - M H C prote i n compl e x e s; 

fb) r e moving by pept i dase e nzym e dig e stion the am i no termina l amino ac i d 

r e s i dues of the hcteropolymero protrud i ng from the hctoropo l ymcr - M I I C prote i n 



complox to align am i no term i ni of tho hctcropolymGrs to tho edge of the Ml I C 
protein compl e x e s; and 

o l ut i ng the al i gn e d hotcropo l ymors from tho MHC protoin by dissociat i ng 

th e comp le x e s to re le ase tho amino terminal al i gn e d h e t c ropolymers having th e 
b i nding mot i f. 

422; — A m e thod according to Cla i m 121 wh e re i n an additiona l step (d) compr i s e s 
d e t e rm i ning the amino terminal s e quence of the al i gn e d h e t e ropolym e rs, to 
identify th e binding motif. 

423: — A m e thod accord i ng to Claim 122 wh e r ei n an additional st e p (e) compris e s 
comparing th e amino t e rminal s e qu e nc e of th e al i gn e d h e t e ropolym e rs to th e 
amino acid s e qu e nc e of th e synth e tic h e t e ropolymer composition. 

424- — A m e thod according to Claim 121, wh e r e in th e MHC c l ass I I prot e in is associat e d 
with an auto i mmun e dis e as e . 

42&: — A m e thod according to C l a i m 124, wh e r ei n th e auto i mmune dis e as e i s an 
arthritic condition or a demyelinating condition. 

42& — A m e thod according to C l aim 122, wher e in an add i tional st e p ( e ) comprises 

synth e sizing a plura li ty of p e ptid e pr e parations, e ach p e ptid e pr e paration having 
a bind i ng mot i f a mino ac i d s e qu e nc e . 

42?^ — A m e thod accord i ng to C l aim 126 wh e r ei n an additiona l st e p (f) compr i s e s 

d e t e rmining the affinity of e ach of the synthesized peptid e s for th e MHC class II 
prot ei n. 

|gi ailiiiHIMHBlffil^ 
liBIIMiHiiBliiiKffil 

adrninisterihg the com sich 
thaf thffiafthhtic^Gohdition islremediated^ 



Hiili 

fl^ HIliliSiiiMiliiiiKililSliii®^^ 
IIS MlillS^SifiiiliiSSSfflllSil^ 

134. A kit for assaying the binding of an analyte to an MHC protein, comprising a 
water-soluble MHC protein which has been recombinantly produced in a 
non-mammalian cell, a reaction chamber for containing the analyte and the MHC 
protein, means for detecting binding of the analyte to the MHC protein, a 
container, and instructions for use. 

lis iPRilliiRliSiaiiiii^iiPH 

lillilfiiillMMSlPliliMlllil^^ 
liSiiiiiRiWSiiMiiiiiBiffiiR 

m HiiiiSSiiiSii^HilPiilii: 

45?: — A pharmac e ut i cal composit i on for th e tr e atm e nt of an autoimmun e disease, 

compr i s i ng a th e rap e utical l y e ff e ct i ve amount of an i so l at e d cop e pt i d e s ele ct e d 
from th e group cons i sting of 

SEQ I D NO: 4, SEQ I D NO: 5, SEQ I D NO: 6, SEQ I D NO: 7, 

SEQ ID NO: 8, SEQ ID NO: 0, GEO I D NO: 10, GEO ID NO: 11, 

SEQ ID N0:12, SEQ ID NO: 13, S E Q I D NO: 14, SEQ I D NO: 15, 

SEQ ID NO: 16, SEQ ID NO: 17. S E Q I D NO: 18 SEQ ID NO: 19, 



SEQ ID NO: 20, SEQ ID NO: 21. SEQ ID NO: 22, SEQ ID NO: 23, 

SEQ ID NO: 24, SEQ I D NO: 25, SEQ ID NO: 26, SEQ I D NO: 27, 

SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, 

SEQ ID NO: 32, SEQ I D NO: 33. SEQ ID NO: 34, SEQ ID NO: 35, 

SEQ I D NO: 36, SEQ ID NO: 37, SEQ I D NO: 30, SEQ I D NO: 3 0 , 

SEQ I D NO: 40, SEQ I D NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, 

SEQ I D NO: 45. SEQ I D NO: 46. SEQ I D NO: 47, SEQ I D NO: 4 8 , 

SEQ ID NO: 49, SEQ I D NO: 50, SEQ I D NO: 51, SEQ ID NO: 52, 

SEQ I D NO: 53, SEQ I D NO: 54. SEQ ID NO: 55. SEQ ID NO: 56, 

9nd 

SEQ ID NO: 57, and a pharmac e utica ll y acc e ptab le carr ie r. 



43&^ — A pharmac e utical compos i t i on for th e tr e atm e nt of an autoimmun e d i s e as e , 

comprising a th e rap e ut i ca l ly e ff e ctiv e amount of an isolat e d cop e ptid e s e l e ct e d 
from th e group consisting of SEQ ID NO: 46, SEQ I D NO: 27, SEQ ID NO: 34, 
SEQ I D NO: 2 8 and SEQ I D NO: 41, and a pharmac e utica ll y acc e ptabl e carr ie r. 

459: — A pharmac e utica l compos i t i o n for the tr e atment of an auto i mmun e dis e as e , 

compr i s i ng a th e rap e ut i ca ll y e ff e ct i v e amount of an iso l at e d cop e pt i d e s cle ct o d 
from th e group consisting of SEQ I D NO: 27 and SEQ ID NO: 41 . 

140. A pharmac e ut i cal composit i on for th e tr e atm e nt of an auto i mmun e d i soas oT 

compris i ng a therapeutically eff e ct i ve amount of an i solat e d cop e ptid e sel e cted 
from th e group cons is ting of S EQ I D NO: 25; SEQ ID NO: 26; SEQ ID NO: 27; 
and SEQ ID NO: 2 8 , and a pharmac e utic a l l y acceptabl e carrier 

444^ — A method for treating an autoimmun e d i s e as e which compris e s administ e ring a 
th e rap e utica l ly e ff e ctiv e amount of a cop e ptid e s e lect e d from th e group 
cons i st i ng of 

S E Q ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ I D NO: 7, 

SEQ ID NO: 8, SEQ ID NO: 9, S E Q I D NO: 10, SEQ I D NO: 11, 

SEQ ID N0:12, SEQ I D NO: 13, SEQ I D NO: 14, SEQ ID NO: 15, 

S E Q I D NO: 16, S E Q ID NO: 17, SEQ ID NO: 18 SEQ ID NO: 10, 

SEQ I D NO: 20, SEQ I D NO: 21, SEQ I D NO: 22, SEQ ID NO: 23, 




NO: 27, 
GEQ I D NO: 31 ; 

o^NO- 32, GCQ I D NO: 33, GCQ I D NO: 34 , SE&^&^iQ^ 

gCQ ID NO- 36, bL Q ID NO. 37, S P O I D -NU . 3 0 , GEO ID NO- 30, 

GCQIDfJO 1 0, S E^I DNO. ^ 11. CCQ l l> ^2. GCQ ' DM O : ^ 

SE^^^^^B^, GCQIDNO:G0, GCQIDNO:L I , GCQ ID N O. 

QE&^&^ie^, G E O ID NO: 5 4; SCO I D NO: 55, GCQ ID NO: 56, 

ai iu 

GCQ I D HO: S7. 

1 4^ A Mit U iuJ (n r U ou U ii y i mm u ne Ub uu ^ L h rniiip. u t. u J itr rin g n 

a nd OCQ ID flO: 

44 J al,ucl fortr n MLi i iyu n uu lui.i , nii. hnnnn U , .u„ „ i u .-. iniitr r i m n 

■ iiici a Mc u liLul l y Lffi r,i ,u a iuu u .l l u f i. i n|irr t.. Ue . LLaLM T 'in j r niin 

e uli ^iJU h y u t C CQ in rin^ ? 7 u uU OCQ I D M O ' 1^ 

,4^-^V^ , oU lu, U.u l, uy L ti r h ruiupi U c . aJ u. i uhtn r i n Q^ 

ZW^^ O N OM. OCQ I D; i6;26^6E&^^Ne.^^1^»*^6^4^ 
28; 

fei cli vation of T ccl l o : 

44 0. T he uic thocl r^ f ^u y uuu u ( C l aim . 1 1 1 1 44;-whefe«.««<^^epepMe^c^^ 

T cell ouppre^u i on mochan i omo. 

44^.^M.U , od ul au < L ■ 1 1 11 '' " 'h r^ r ^U .op.pliJc i nh i b lH 

aana Ciuu u lT tc W i .c j pui uivc to myuli i i bujic prot ni n 



446^ — Th e m e thod of any on e of C l aims 141 - 144, wh e r ei n said copopt i d e i nh i b i ts 
act i vat i on of T c ell s r e spons i v e to co ll ag e n typ e II p e pt i d e . 

449: — Th e m e thod of any one of C l aims 141 - 144, wh e r ei n said copopt i do binds to a 
c l ass II M H C prot ei n. 

+60: — Th e m e thod of any on e of C l a i ms 141 - 144, wh e r ei n sa i d cop e pt i d e b i nds to 
HLA - DR1. 

464r — Th e m e thod of any on e of Cla i ms 141 - 144, wh e r e in sa i d copept i d e b i nds to 
HLA-DR2. 

+52^ — Th e m e thod of any on e of C l aims 141 - 144, wh e r ei n sa i d cop e pt i d e b i nds to 
H LA - DR4. 

453^ — Th e m e thod of any on e of C l a i ms 141 - 144, wh e r ei n said cop e pt i d e binds to an 
ant i g e n pr e s e nt i ng c ell . 

4€4r — The method of any on e of Cla i ms 141 - 144, where i n sa i d auto i mmune disease i s 
auto i mmun e h e mo l ytic an e m i a, autoimmun e oophor i t i s, auto i mmune thyroid i t i s, 
autoimmune uv e oret i nit i s, chron i c immune thrombocytopen i c purpura, col i t i s, 
contact s e nsitiv i ty d i seas e , d i ab e t e s m e ll i tus. Craves d i sease, Cuillain - Darro's 
syndrom e , I l ashimoto's d i s e ase, i d i opathic myx e dema, mult i pl e sc le rosis, 
myasth e nia grav i s, psorias i s, p e mph i gus vulgar i s, rheumato i d arthr i t i s, or 
syst e m i c lupus e ryth e matosus. 

466: — An i so l ated nuc l eic ac i d e ncod i ng a cop e ptid e cons i st i ng ess e ntia ll y of 



GEQ ID NO: 4, 


GCQ ID NO: 5, 


GCQ ID NO: 
GCQ ID NO: 





GCQ ID NO: 7. 
GCQ ID NO: 11, 


SEQ ID NO: 8, 


GCQ ID NO: 0, 


GCQ ID NO: 




GCQ ID NO: 15. 


GCQ ID N0:12, — 


GCQ ID NO: 13, 


ot=r\ in> Ktr\. 


A O 


GCQ ID NO: 10, 


GEO ID NO: 16, 


GCQ ID NO: 17, 


GEQ ID NO: 22, 


GCQ ID NO: 23, 


CEO ID NO: 20. 


GCQ ID NO: 21, 




GCQ ID NO: 27, 


GCQ ID NO: 24, 
GCQ ID NO: 28. 


GCQ ID NO: 25, 
GCQ ID NO: 20, 


GCQ ID NO: 


-3er- 


GCQ ID NO: 31, 



SEQ I D NO: 32, SEQ I D NO: 33, SEQ ID NO: 34, SEQ I D NO: 35, 

SEQ I D NO: 36, SEQ I D NO: 37, SEQ I D NO: 3 8 , SEQ I D NO: 30, 

SEQ ID NO: 40, SEQ I D NO: 41, SEQ I D NO: 42 SEQ ID NO: 43 

SEQ I D NO: 45, SEQ ID NO: 46, SEQ ID NO: 47 SEQ I D NO: 40 

SEQ I D NO: 40. SEQ ID NO: 50. SEQ I D NO: 51 SEQ I D NO: 52 

SEQ ID NO: 53, SEQ I D NO: 54, SEQ I D NO: 55 SEQ I D NO: 56 

SEQ I D NO: 57. 



456r 



A m e thod of anyon e of c l aims 40 or 45 wh e r ei n sa i d auto i mmun e dis e as e is 
rh e umato i d arthrit i s. 
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ABSTRACT 

The present invention Is directed to polypeptides and peptides containing at least 
three amino acids randomly joined in a linear array; wherein at least one of the three 
amino acids is an aromatic amino acid, at least one of the three amino acids is a 
5 charged amino acid and at least one amino acid is an aliphatic amino acid. In a 
preferred embodiment the polypeptide contains three or four of the following amino 
acids; tyrosine, alanine, glutamic acid or lysine. According to the present invention, 
the present polypeptides bind to antigen presenting cells, purified human lymphocyte 
antigens (HLA) and/or Copolymer 1 -specific T cells. Moreover, according to the present 
10 invention, these polypeptides can be formulated into pharmaceutical compositions for 
treating autoimmune disease. The present invention further contemplates methods of 
treating an autoimmune disease in a mammal by administering a pharmaceutically 
effective amount of any one of the present polypeptides or p e ptid e s to the mammal. 
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